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/This  technical  note  Includes  an  executive  summary  of  the  research  effort,  the  main 
study  of  sectorial  production  function  analysis  of  Soviet  postwar  economic  growth, 
and  a review  paper. 

The  main  study  first  sets  out  to  calculate  a probable  upper  limit  to  the  contri- 
bution of  technology  transfer  from  the  West  to  Soviet  economic  growth.  The 
hypothesis  is  presented  that  this  contribution  is  less  than  2 billion  dollars 
annually,  unless  the  residual  is  strongly  positively  correlated  with  an  appropriate 
measure  of  machinery  Imports  from  the  West.  In  a series  of  estimations  using  
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20.  Abstract  (continued) 

^■^alternative  labor  income  shares  and  measures  of  labor  input,  Solow  Abramowitz 
residuals  and  Micks  neutral  technical  progress  residuals  (from  both  CES  and 
Cob-Douglass  specif iciations)  are  derived.  These  residuals  are  then  correlated 
with  patterns  of  imports  of  Western  machinery,  serially  and  cross-sectionally . 
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Executive  Summary 


I BACKGROUND 

As  part  of  its  National  Security  Policy  Research  Program  sponsored  by  the 
Defense  Advanced  Research  Projects  Agency,  SRI  completed  a study  of  the  Impact 
of  technology  transfer  on  technological  change  In  the  Soviet  chemical  Industry.* 
That  paper  was  In  the  nature  of  a pilot  study  of  the  value  of  econometric  pro- 
duction function  analysis  for  the  examination  of  technical  change  and  tech- 
nology transfer  In  the  Soviet  context.  The  research  was  conducted  In  the  face 
of  numerous  methodological,  technical,  and  data  problems  but  did  furnish  a 
number  of  Interesting  Insights  In  regard  to  the  high  priority  chemical  sector. 
The  rapid  growth  of  chemical  output  was  attributed  primarily  to  Increases  of 
factor  Inputs,  while  the  growth  of  the  residual,  as  determined  from  the  produc- 
tion function  analysis,  accounted  for  only  between  6 and  10  percent  of  output 
growth.  The  comparable  figure  for  the  U.S.  was  about  20  percent  of  output 
growth  due  to  the  growth  of  the  residual,  one  element  of  which  Is  technical 
change . 

Despite  the  problems  encountered  In  that  analysis,  a further  conclusion 
of  the  research  was  that  work  on  an  expanded  set  of  branch  production  functions 
was  warranted.  The  goal  for  the  further  research  would  be  to  derive  a 
measure  of  the  rate  of  technical  change  in  each  sector,  by  Isolating  to  the 
extent  possible  technical  change  from  other  factors  included  In  the  residuals. 
This  would  permit  branch-by-branch  comparisons  with  the  U.S.  and  other  econo- 
mies as  well  as  a cross-sectional  analysis  to  examine  variance  among  branch 
rates  of  technical  change  and  estimates  of  the  relative  Importance  of  explana- 
tory variables.  Including  technology  transfer  from  the  West. 

Thus  at  the  outset  of  the  study  summarized  In  this  report  a number  of 
statistical  difficulties  had  been  Identified  which  would  be  necessary  to  allow 
for  In  the  research  approach.  They  Included: 


* Carlisle  Hoody,  Jr.  and  Francis  W.  Rushing,  Technological  Change  In  the 
Soviet  Chemical  Industry.  SSC-TN-2625-8,  Stanford  Research  Institute, 
February  1975. 
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• Aggregation  problems,  In  some  respects  more  troublesome  at  the 
branch  level  than  Industry-wide  or  economy-wide. 

• Measurement  of  Inputs — accurately  capturing  changes  In 
quantity  and  quality. 

e Measurement  of  output~accurately  determining  branch  output 
while  avoiding  double-counting. 

e Colllnearlty  of  capital,  labor,  and  technical  progress  variables. 

• Choosing  between  Cobb-Douglas  and  constant  elasticity  of 
substitution  specification  for  production  functions — a 
trade-off  between  the  convenience  of  simplicity  and  statistical 
significance. 

e Assumptions  about  elasticity  of  substitution  and  returns  to 
scale,  on  the  other  hand,  may  bias  the  measure  of  technical 
change . 

e Last,  specification  of  the  measure  of  technical  change — that 
Is  the  way  In  which  technical  change  Is  assumed  to  be  related 
to  the  arguments  of  the  production  function — in  this  case  the 
residual  (neutral  and  disembodied) . 

The  main  item  of  the  research  effort  reported  on  here  Is  the  study  under- 
taken by  Dr.  Stephen  Roseflelde.  Major  technical  reviewers  were  Dr.  Donald 
W.  Green  and  Dr.  Martin  L.  Weltzman  along  with  a number  of  other  experts. 

While  Dr.  Roseflelde  responded  to  many  of  the  reviewers'  comments  on  the 
first  draft  of  his  paper.  It  was  not  possible,  within  the  time  and  resource 
constraints  of  the  project,  for  him  to  Incorporate  all  the  suggested  revisions 
still  outstanding  at  the  final  stage,  nor  was  there  agreement  among  the  author 
and  reviewers  on  a number  of  those  points.  Some  of  those  points  will  be 
covered  In  this  Executive  Summary.  In  addition.  Dr.  Weltzman  authored  a 
brief  paper  on  his  view  of  the  research  effort  %rtilch  appears  together  with 
the  Roseflelde  paper,  and  which  raises  Important  general  Issues  In  regard 
to  the  production  function  analysis  of  technical  change. 

II  OUTLINE  OF  THE  ROSEFIELDE  STUDY 

Roseflelde  first  sets  out  to  calculate  a probable  upper  liialt  to  the  con- 
tribution of  technology  trsnsfer  from  the  West  to  Soviet  economic  growth. 
Choosing  1973  ss  an  example  and  employing  a constant  elasticity  of  substitution 
(CES)  production  function  to  estimate  the  residual  and  technical  progress  and 


Baking  a number  of  assumptions,  the  author  formulates  a hypothesis  for  the  size 
of  the  Western  contribution  and  a statistical  test.  The  hypothesis  Is  that 
technology  transfer  from  the  West  contributes  less  than  2 billion  dollars  (.3 
percent  of  GNP)  annually  to  Soviet  growth  If  the  residual  Is  not  strongly,  posi- 
tively correlated  with  an  appropriate  measure  of  Western  machinery  Imports. 

The  rest  of  the  study  examines  this  hypothesis. 

The  author  estimates  Solow-Abramowltz  residuals  which  assume  a unitary 
elasticity  of  factor  substitution  and  constant  factor  Income  shares  across 
sectors.  Income  shares  for  labor  of  .80,  .77,  .73,  and  .68  as  well  as  labor 
measured  In  man-years  and  also  adjusted  for  man-hours  worked  are  employed  In 
a series  of  estimations.  Output  measures  of  two  different  forms,  net  output 
and  final  delivered  output,  and  Input  measures  to  correspond  (direct  Inputs 
of  capital  and  labor  and  a new  concept  of  direct  plus  Indirect  Inputs  which 
the  author  calls  vertically  Integrated  sectoring)  were  used.  A number  of 
alternatives  are  also  used  in  the  estimation  of  Hicks  neutral  technical 
progress  residuals  from  CES  and  Cobb-Douglas  production  functions  with  linear 
and  non-linear  regression  techniques,  and  the  CES  specification  Is  deemed 
superior.  The  Abramowltz  and  CES  productivity  residuals  are  correlated  with 
the  pattern  of  Western  machinery  Imports,  serially  and  cross-sectlonally . 

Ill  FINDINGS  OF  THE  ROSEFIELDE  STUDY 

Though  limited  In  their  significance  by  substantial  theoretical  and 
statistical  obstacles  encountered  In  the  analysis,  the  Roseflelde  study  does 
reach  some  conclusions  In  regard  to  the  size  of  the  contribution  of  technology 
transfer  from  the  West  to  Soviet  economic  growth,  the  pattern  of  technological 
change  at  the  branch  level  In  postwar  Soviet  Industry,  and  the  correlation 
of  technological  change  with  a measure  of  technology  transfer  from  the  West. 

In  light  of  the  Issues  raised  by  a number  of  reviewers,  the  conclusions 
presented  here  ought  not  to  be  regarded  as  final  answers,  but  rather  as  an 
indication  of  the  types  of  Insights  that  can  be  gained  from  the  application 
of  advanced  econometric  technique  to  the  problem.  The  most  important  question 
that  the  sum  of  study  findings  and  review  comments  should  be  directed  to, 
then.  Is  the  advisability  of  further  pursuing  the  analysis  with  this  approach 
or  some  modification  of  the  production  function  technique.  This  question 
will  be  addressed  In  the  next  section. 


The  conclusions  of  the  Roseflelde  study  were  as  follows: 


m The  strenj;,  positive  correlation  between  some  measure  of  tech- 
nology transfer  from  the  West  and  Soviet  technical  progress  (esti- 
mated from  production  function  analysis)  that  was  hypothesized  was 
not  statistically  validated. 

• Thus  the  analysis  would  suggest  that  an  annual  contribution  to 
Soviet  economic  growth  by  technology  transfer  from  the  West  greater 
than  2 billion  dollars  Is  not  plausible. 

• Production  function  estimates  using  the  hicks  neutral  version  of 
the  CES  specification  were  found  to  provide  a more  satisfactory 
characterization  of  Soviet  Industrial  branch  performance  over  the 
period  than  the  Cobb-Douglas  or  Abramowltz  alternatives.  This 
finding  was  independent  of  the  choice  of  sectoring  schemes  or 
the  use  of  conventional  or  adjusted  factor  cost  values. 

• The  CES  specification  portrays  a moderate  rate  of  Hicks  neutral 
technical  progress  (about  3 percent)  In  postwar  Soviet  sectoral 
growth  accompanied  by  rapidly  declining  Income  shares  for  capital. 

The  Implication  is  that  future  growth  may  be  strongly  linked  to  sus- 
taining or  enhancing  rates  of  technical  change,  particularly  In 
light  of  observed  Inelasticities  of  factor  substitution. 

• Tlie  Inelasticities  of  factor  substitution  that  are  observed  may 
result  from  the  high  Institutional  cost  of  designing  flexible 
technologies  In  a bureaucratic  economic  system,  l.e..  If  design 
flexibility  (to  account  for  changes  in  relative  factor  scarcities) 

Is  achieved  only  through  additional  material,  engineering  and 
bureaucratic  costs,  equipment  may  well  be  constructed  with 
limited  flexibility  in  the  absence  of  market  prices. 

• A change  In  the  aggregate  composition  of  goods  and  services  could 
potentially  significantly  affect  the  parameters  of  technology 
measured  on  an  aggregate  (industry-wide  or  economy-wide)  basis.  Even 
though  the  various  branches  of  the  Soviet  economy  have  grown  at  di- 
verse rates,  postwar  Soviet  experience  Is  not  shown  to  be  suscepti- 
ble to  this  effect,  since  all  sectors  were  characterized  by  low 
elasticity  of  factor  substitution.  The  consistency  of  the  findings 
across  sectors  not  only  suggests  a small  impact  of  structural  change 
on  the  aggregate  production  specification,  but  also  that  there  is  a 
common  underlying  cause  of  inelastic  factor  substitution  across 
branches . 

• Some  positive  correlation  between  Western  machinery  Imports  (a 
measure  of  embodied  technology  transfer)  and  Hicks  neutral  technical 
progress  is  obsrved,  but  only  after  strategically  grouping  and 
aggregating  atuiual  data.  The  weakness  of  the  correlation  suggests 
that  technology  transfer  from  the  West  did  not  dominate  the  pattern 
of  Soviet  sectoral  technical  progress  In  the  postwar  period  and  that 
the  annual  contribution  to  Soviet  economic  growth  Is  below  the  2 
billion  dollar  level. 
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• In  the  absence  of  a aore  sophisticated  effort  to  determine  the 
best  specification  of  Soviet  production,  these  findings  should  not 
be  considered  strong  conclusions  regarding  the  effect  of  technology 
transfer  on  Soviet  technical  progress. 


IV  IMPLICATIONS  OF  THE  RESEARCH 


Aside  from  unresolved  methodological  differences  among  the  author  and 
reviewers,  two  different  views  of  the  Implications  of  the  study  findings  for 
further  research  using  advanced  econometric  approach  emerged.  On  the  one  hand, 
some  reviewers  felt  that  the  study  demonstrated  the  data  and  specification 
problems  which  would  prevent  further  resolution  of  the  issues  using  currently 
available  data  and  techniques.  On  the  other  hand,  other  reviewers  maintained 
that  some  of  the  particular  elements  of  the  specific  approach  did  not  exhaust 
the  analytical  possibilities  or  were  not  the  appropriate  methodological  formu- 
lation to  provide  answers  to  the  key  questions  In  the  area,  and  thus  additional 
research  would  be  fruitful. 


Some  of  the  points  made  by  Dr.  Martin  Weltzman  supporting  the  first  view 
include: 


• From  the  evidence  presented  In  the  study.  It  seems  that  with 
existing  data,  the  Influence  of  technology  transfer  cannot  be 
determined. 

• A big  part  of  the  problem  Is  that  technical  change,  per  se.  Is  not 
very  well  understood. 

• We  cannot  distinguish  econometrlcally , with  Soviet  data,  between 

the  hypothesis  of  unitary  elasticity  of  factor  substitution  (the  Cobb- 
Douglas  specification)  with  declining  rates  of  technical  change — 
or  whatever  Is  thought  to  determine  the  size  of  the  residual — and 
the  hypothesis  of  an  elasticity  of  factor  substitution  sufficiently 
less  than  one  with  constant  growth  of  the  residual.  Both  hypotheses 
give  a reasonably  good  fit  for  Soviet  Industry  In  the  aggregate 
and  by  branch. 

• The  efficacy  of  correlating  technical  change  estimates  arising  from 
these  two  very  different  pictures  with  Imports  of  Western  machinery 
and  equipment  that  are  generally  very  small  In  comparison  with 
domestic  Investment  is  doubtful.  Roseflelde's  comparison  reveals 
no  systematic  relationship,  though  Its  significance  is  limited 

by  Its  rather  Informal  execution. 


• Lastly,  even  If  a positive  correlation  between  Inports  of  machinery 
from  the  Vest  and  technical  progress  (or  the  residual)  were  sta- 
tistically validated,  the  causality  would  still  be  In  question. 

It  would  be  necessary  to  analyze  some  situations  In  which  a 
relatively  homogeneous  subsector  had  received  a significant  portion 
of  Its  capital  stock  from  the  Vest. 


In  contrast  to  the  pessimism  expressed  about  resolving  the  Issues  econo- 
metrically  based  on  the  evidence  In  Roseflelde's  study  and  elsewhere,  other 
reviewers  felt  that  while  Roseflelde’s  particular  efforts  did  not  give  defini- 
tive answers,  alternative  approaches  could  have  more  success.  Major  points 
in  this  line  of  argument  included: 


m Absolute  rates  of  Hicks  neutral  technical  progress  need  not  be 
correlated  with  technology  transfer  activity.  The  real  Issue  is 
whether  growth  of  productivity  in  Soviet  Industry  is  statistically 
related  to  current  and  past  accumulation  of  durables  and  Impor- 
tantly, the  composition,  by  origin,  of  that  accumulation. 

• The  hypothesis  In  the  Roseflelde  study  Is  not  given  a specification 
which  would  In  turn  make  that  hypothesis  testable. 

• Two  alternative  approaches  should  be  considered — toe  macro-approach 
which  disaggregates  capital  stock  by  domestic  and  foreign  origin  or 
the  introduction  of  technology  transfer  activity  into  the  expo- 
nential term  of  the  production  function.  Imposing  some  appropriate 
lag  distribution.* 

• In  Roseflelde's  Cobb-Douglas  functions,  the  Inverse  relationship 
between  output  elasticity  of  capital  and  the  rate  of  Hicks-neutral 
technical  progress  was  due  to  multlcolllnearlty  In  the  non-linear 
estimation  of  a linear  function.  While  the  CES  specification  was 
stated  to  be  preferable,  it  was  not  tested  by  using  earlier  esti- 
mations to  predict  1970-74  industrial  growth. 


While  the  Roseflelde  study  did  not  provide  a generally  acceptable  answer 
to  the  question  of  the  effect  of  technology  transfer  on  postwar  Soviet  sectoral 
performance^  the  insights  provided  posed  interesting  questions  for  further 
research,  and  hlghllglited  the  critical  aspects  of  any  future  methodological 
design.  The  key  to  the  analysis  In  regard  to  these  Issues  lies  In  the 


* See  D.  Green  and  M.  Levine,  Implications  of  Technology  Transfer  for  the 
Soviet  Union.  SSC-TN-2970-8,  Stanford  Research  Institute  Technical  Note, 
January  1977, 
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specification  of  technical  progress  and  technology  transfer.  Thus,  a high 
priority  for  further  research  to  shed  light  on  the  value  of  technology  trans- 
fer to  the  USSR  and  Implications  for  East-West  trade  Is  the  Improvement  of 
our  understanding  of  the  processes  of  technology  transfer  and  technical 
progress  themselves  and  the  specific  phenomena  that  embody  these  processes 
In  the  Soviet  context.  With  this  Increased  understanding,  the  ability  to 
validate  statistically  quantitative  hypotheses  will  be  greatly  improved. 
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This  technical  note  Includes  an  executive  summary  of  the  research  ef- 
fort, the  main  study  of  sectorial  production  function  analysis  of  Soviet 
postwar  economic  growth,  and  a review  paper. 

The  main  study  first  sets  out  to  calculate  a probable  upper  limit  to 
the  contribution  of  technology  transfer  from  the  West  to  Soviet  economic 
growth.  The  hypothesis  is  presented  that  this  contribution  is  less  than 
2 billion  dollars  annually,  unless  the  residual  is  strongly,  positively 
correlated  with  an  appropriate  measure  of  machinery  imports  from  the  West. 
In  a series  of  estimations  using  alternative  labor  Income  shares  and  mea- 
sures of  labor  input,  Solow  Abramowltz  residuals  and  Micks  neutral  techni- 
cal progress  residuals  (from  both  CES  and  Cobb-Douglass  specifications) 
are  derived.  These  residuals  are  then  correlated  with  patterns  of  Imports 
Western  machinery,  serially  and  cross-sect lonally. 
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FOREWORD 


The  research  effort  reported  on  in  this  technical  note  was  undertaken 
In  light  of  recommendations  of  a pilot  study  on  technical  change  In  the 
Soviet  chemical  Industry.  Both  that  pilot  study  and  this  effort  were  a 
part  of  SRI's  National  Security  Policy  Research  Program  sponsored  by  the 
Defense  Advanced  Research  Projects  Agency.  The  pilot  study  concluded  that 
despite  numerous  methodological,  technical,  and  data  problems,  research  on 
an  expanded  set  of  branch  production  functions  In  order  to  examine  techni- 
cal change  and  technology  transfer  In  the  Soviet  context  was  warranted. 
While  some  of  the  problems  encountered  in  the  pilot  study  were  not  solved 
by  this  continued  effort,  the  critical  aspects  of  any  future  methodologi- 
cal design  were  highlighted  and  the  insights  provided  posed  Interesting 
questions  for  further  research. 

Dr.  Steven  Roseflelde,  of  the  University  of  North  Carolina  at  Chapel 
Hill,  served  as  principal  Investigator  for  the  main  study  In  the  volume. 

Dr.  Martin  Weltzman  of  M.I.T.  and  Dr.  Donald  W.  Green,  then  with  the  Uni- 
versity of  Pennsylvania  and  SRI,  served  as  principal  reviewers.  Dr.  Weltz- 
man summarized  his  views  In  a brief  research  note  which  accompanies  the 
main  study  in  this  volume.  The  views  expressed  by  the  author  of  the 
main  study  and  by  the  reviewers  are  their  own  and  do  not  reflect  the 
positions  of  SRI  and  the  Strategic  Studies  Center's  Soviet  and  Comparative 
Economics  research  team. 


Richard  B.  Foster 
Senior  Director 
Strategic  Studies  Center 
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EAST-WEST  TRADE  AND  POSTWAR  SOVIET  ECONOMIC  GROWTH 
A SECTORAL  PRODUCTION  FUNCTION  APPROACH 


EAST-WEST  TRADE  AlO)  POSTWAR  SOVIET  ECONOMIC  GROWTH: 
A SECTORAL  PRODUCTION  FUNCTION  APPROACH 


INTROOUCTION 

Over  th«  laac  dacadc  East-West  trade  has  increased  draaatlcally . Froa 
1970  to  1974  the  share  of  Western  trade  In  total  Soviet  foreign  trade  turn- 
over increased  froa  21Z  to  31Z.  It  is  frequently  inferred  from  this  and 
re].ated  statistical  evidence  that  Detente  has  conferred  sizable  material 
benefits  on  the  Soviets.  While  this  inference  is  undoubtedly  correct,  the 
magnitude  of  the  benefit  remains  unknown  and  poses  a major  problem  for 
Western  scholars  concerned  with  the  conseqaencea  of  East-West  trade. ^ 

Measuring  the  gains  obtained  from  international  exchange  is  always 
difficult  because  the  benefits  of  trade  have  no  simple  quantitative  expres- 
sion. Benefits  are  primarily  derived  from  the  average  Intramarginal  "ntillty" 
advantage  imports  provide  over  exports  sacrlfied,  rather  than  from  net 
commodity  balances  in  the  form  of  payment  surpluses  or  deficits.  As  such 
they  constitute  a type  of  collective  consumers'  surplus,  which  suffers  from 

all  the  ambiguities  of  Individual  consumer  surplus,  compounded  by  the  problems 

2 

associated  with  Interpersonal  utility  aggregation.  Under  Soviet  conditions 
these  difficulties  become  even  more  Intractible  because  consumers'  preferences 
do  not  determine  relative  prices,  with  the  result  that  marginal  utilities 
and  prices  are  not  correlated  in  the  usual  way.  This  is  true  for  Soviet 
consumers  at  large  and  for  tha  planners  as  well,  and  consequently  accurate 
measurement  of  "utility"  benefits  from  trade  is  infeasible. 

Alternative  conceptions  of  benefit  are  possible.  One  promising 
strategy  is  to  transform  the  utility  problem  into  a production  or  growth 
problem.  Instead  of  focusing  on  traded  goods  as  a whole,  producers'  dura- 
bles can  be  singled  out  for  special  consideration.  Unlike  consumars'  goods 
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producers'  goods  srs  s■^lloysd  in  productioa  sod  therefore  have  so  iapect  on 
the  voluBC  end  structure  of  reel  output.  By  treetlxig  this  incrcaent  to 
reel  output  ee  e aeesure  of  trede  benefit,  the  concept  of  benefit  cen  be 
Interpreted  physicelly,  thereby  ellowlng  us  to  clrcusvcnt  the  iaponderebles 
of  utility.^  There  Is  some  loss  entelled  in  this  epproach.  Producers' 
goods  ere  only  e subset  of  ell  treded  goods,  however,  en  eccurete  partial 
Bieasure  seeae  better  than  no  naesure  at  all. 

But  cen  the  reel  output  Increnent  ettributable  to  laported  producers' 
durables  be  accurately  aeasured?  A priori  reflection  provides  no  easy 
answer.  The  purpose  of  this  pilot  study  therefore  is  to  probe  the  feasi- 
bility of  aeasuring  trede  gains  in  terms  of  doaestic  Soviet  economic  growth. 

In  principle  this  objective  can  be  accomplished  by  estlaating  the  production 
function  of  each  sector  of  the  national  econoay  before  end  after  trade  occurs, 
comparing  outputs  and  sources  of  growth  in  both  situations.  If  we  had  full 
information  on  the  quality  of  Soviet  Imports  and  exports  and  variotis  para- 
meters of  Soviet  technology,  calculation  of  trade  benefits  (the  producers' 
goods  component)  would  be  relatively  straightforward.  Operating  with  less 
than  full  Information  matters  are  more  complex  causing  problems  both  of 
theory  and  measurement.  Since  an  appreciation  of  these  problems  is 
essential  to  any  genuine  understanding  of  Soviet  trade  gains,  this  paper 
attempts  not  only  to  report  quantitative  findings,  but  to  set  the  entire 
issue  in  a clear  analytic  perspective.  Towards  this  end,  the  study  is 
divided  into  four  parts.  Chapter  I introduces  the  notion  of  a production 
function,  discusses  problems  of  measurement  and  value,  and  special  issues 
relevant  to  Soviet  sectoral  analysis.  Chapter  II  focuses  on  technical 
progress,  examining  the  sectoral  pattern  of  Abramowitz  reaiduals  and  their 
variation  over  tlM.  Chapter  111  reports  findings  from  a sector  by  sector 
estimation  of  the  CCS  specification,  while  Chapter  IV  atteo^ts  a preliminary 

quantification  of  domaaclc  Soviet  gains  from  East-West  trade. 
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Chapter  I 

PRODUCTION  THEORY:  PROBLEMS  OF  CONCEPTION  AMD  MEASURQIEMT 

A.  Production  Functions 

The  laws  governing  the  economic  process  of  production  where  inputs  are 
transformed  into  outputs  can  be  expressed  concisely  in  the  form  of  a 
uthematical  function.  For  every  identifiable  production  process  there 
will  exist  a corresponding  "production"  function.  Since  no  single  functional 
form  can  embrace  the  diverse  types  of  production  relations  that  hold  in 
various  firms  and  branches  of  the  national  economy,  discussion  is  often 
facilitated  by  focusing  on  the  general  form 

(1)  q • f(x,y,z) 

where  q ■ output 

x,y,z  ■ Inputs  . 

Equation  1 merely  informs  us  that  output  q,  is  a function  f,  of  inputs  x,y,z. 
Mo  restrictions  are  placed  on  q,x,y,z  other  than  the  simple  requirements  of 
intelligibility.  Outputs  and  inputs  must  be  positive;  imaginary  goods  are 
barred,  and  all  variables  siust  be  homogeneous  in  some  accepted  sense.  The 
functional  form  f,  is  less  self-apparent.  It  must  embody  all  laws  contribu- 
ting to  the  process  that  transforms  factors  Into  goods.  Included  here  as 
components  of  abstract  technology  are  four  basic  elements: 

1.  the  efficiency  of  technology 

2.  economies  of  scale 

3.  relative  factor  intensity 

4.  elasticity  of  factor  substitution  . 
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Technological  efficiency  denotea  the  output  level  that  correaponds  with  any 
unit  input  level.  If  the  other  three  properties  of  abstract  technology  are 
held  ceteris  paribus,  output-input  ratios  which  measure  the  efficiency  of 
technology  will  vary  with  the  state  of  technological  development.  As 
teclinology  advances,  output-input  ratios  rise  as  a result  of  more  efficient 
production  techniques. 

Economies  of  scale  also  bear  on  output-input  ratios  but  instead  of 
referring  to  technical  progress  generally,  they  express  efficiencies  obtained 
from  plant  and  market  size.  It  is  widely  believed  that  optlsud  firm  and 
market  sizes  exist  for  the  production  of  different  goods,  and  the  more 
closely  actual  production  scale  approximates  the  ideal,  the  greater  will 
be  the  corresponding  level  of  output-input  efficiency. 

Relative  factor  intensity  is  a third  and  more  subtle  aspect  of  abstract 
technology.  Under  certain  conditions  (unitary  elasticity  of  factor  sub- 
stitution} it  merely  describes  whether  more  or  less  of  either  factor  is 
employed  in  production  compared  with  an  alternative  technology.  Intensities 
here  bear  primarily  on  input-input  rather  than  output-input  relations. 
However,  if  either  factor  grows  more  rapidly  than  the  other,  the  output 
level  may  be  sensitive  to  the  input  mix,  when  the  elasticity  of  factor  sub- 
stitution differs  from  unity. 

The  term  elasticity  of  substltubion,  the  fourth  aspect  of  abstract 
technology,  refers  to  the  relative  ease  with  which  one  factor  can  be  sub- 
stituted for  another.  More  specifically  it  describes  the  rapidity  with 
which  diminishing  returns  set  in  to  one  factor  when  its  relative  price 
declines: 


(2) 


d(x/y)/fr/y)J 


[d(x/y)/d(p  /p  )1 


d(Py/P^)/(Py/P^)l  l(x/y)/(py/p^)T 


Equivalently,  interpreting  relative  prices  as  a ratio  of  marginal  factor 
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productlvltia*  th«  clmstlclty  of  factor  substltutloa  can  bo  conatruad  aoro 
•anorally  in  taraa  of  tba  affoct  varlabla  factor  auppllaa  hava  on  aggragata  factor 
productivity  givao  tha  tachnology  oaibodlod  in  tba  axiating  capital  atock  which 
indlcatoa  that  tha  factor  aubstitution  alaaticity  concept  ia  valid  in  aithar  a 
markat  or  planned  economic  aettlng. 

_ _ ld(x/y)/(x/y)l 


ld(fy/fx)/(fy/fxl  Ux/y)/(fy/f^)l 


Algebraically  a,  or  tha  alaaticity  of  aubatltutlon,  repreaanta  tha  ratio  of  a 
marginal  to  an  average  function,  where  x and  y are  factors,  and  p^,  p^  their 
correapondlng  prlcea.  The  effect  d(x/y)  of  a relative  price  change  d(p^/p^)  on 
the  input  volume  x required  to  maintain  the  achieved  output  level  aiay  vary  from 
zero  to  infinity,  that  is  from  abaolute  non-subatltutability  (o>0)  to  perfect 
aubstitutaa  (a*»).  In  general  the  productivity  of  inputa  is  positively  cor- 
related with  the  elasticity  of  factor  substitution.  As  o increases,  input 
conbinations  become  possible  requiring  less  of  one  factor,  the  other  factor 
held  fixed,  indicating  that  more  output  can  be  obtained  from  any  constant  input 
bundle  after  the  elasticity  increases  than  before.  Thus  in  terms  of  abstract 
technology  o has  a direct  effect  on  the  output-input  ratio.  The  elasticity 
of  substitution  as  was  previously  noted  also  effects  the  output  level  indirectly 
through  the  "relative  factor  intensity''  property.  If  a is  less  than  unity, 
diminishing  returns  will  set  in  rapidly  to  the  faster  growing  factor.  The 


more  intensively  Che  prevailing  technology  utilizes  the  faster  growing  input, 
the  greater  the  relative  impact  a will  have  on  output  growth.  If  o is  greater, 
Chan  one,  this  relationship  is  reversed.  Clearly,  the  impact  of  the  elasticity 
of  substitution  on  output  cakes  diverse  forms,  with  the  factor  Intensity 
effect  either  compllaMnting  or  offsetting  variations  in  the  value  of  a on 
the  output  level. 


B.  Technological  Change 

Eech  of  the  four  properties  of  abstract  technology  previously  identified 
may  either  be  Independent  or  dependent  on  the  activity  level  at  which  pro- 
duction occurs.  The  efficiency  of  production,  returns  to  scale,  factor 
Intensity  and  elasticity  of  factor  substitution  observed  at  full  capacity 
may  well  diverge  from  analogous  values  where  lower  utilization  rates  prevail. 
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Such  varl«Cioas  should  not  be  confused  vlch  cechnologlcel  eheoge.  The 
concept  of  steady  state  technology  applies  to  the  entire  domain  of  production 
not  Just  to  the  full  capacity  case.  Whenever  any  characteristic  of  abstract 
technology  at  any  activity  level  is  altered  by  the  introduction  of  a new 
process  or  a new  condition  of  production,  technological  change  Is  said  to 
have  occurred.  The  number  of  configurations  of  technological  change  over 
the  entire  domain  of  production  is  infinite.  From  a practical  point  of 
view  however,  attention  need  not  be  paid  to  every  possible  change  In  the 
structure  of  abstract  technology.  By  convention  a fundamental  distinction 
can  be  made  between  the  abstract  technology  associated  with  an  Initial 
capital  stock,  which  Is  assumed  to  hold  unimpaired  for  a fixed  period  and 
the  effect  new  Inventions  have  on  augmenting  either  factors  or  outputs. 

This  distinction  makes  It  unnecessary  to  perpetually  revise  the  parameters 
of  abstract  technology  as  the  capital  stock  Is  improved,  so  long  as  these 
Improvements  do  not  radically  Impair  the  validity  of  the  Initial  functional 
specification.  Of  particular  Interest  In  this  regard  Is  the  case  of  neutral 
technological  change.  Many  definitions  of  neutral  technical  progress  exist, 
the  two  most  familiar  being  Hicks  and  Harrod  neutrality.  The  former 
Imputes  all  output  growth  other  than  that  attributable  to  variations  In 
input  supplies  to  increased  efflclencyt  leaving  the  marginal  technical 
rate  of  factor  substitution  unchanged.  If  Input  proportions  are  fixed. 

Stated  somewhat  differently,  under  the  assumption  of  Hicks  neutrality 
the  production  function  f(x,y,z,t)  holds  unchanged  for  the  time  period 
under  consideration,  technical  progress  being  reflected  entirely  in  an 
efficiency  growth  residual  A(t),  which  augmants  the  output  level  without 
affecting  the  production  function  itself.  Notice  that  the  Invariance  of 
the  production  function  f(x*y«z)  docs  not  preclude  the  possibility  that 
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the  urginal  rate  of  technicol  •ubotltutlon  might  vary.  If  Input  proportions 
change  the  rate  of  substitution  viU  be  affected.  This  however  la  irrelevant 
because  Hicks  neutrality  depends  on  new  and  old  technologies  having  the 
sane  abstract  character  so  that  for  any  particular  input  ratio  (such  as  the 
initial  one)  marginal  technical  rates  of  substitution  will  be  identical.^ 

Harrod  unlike  Hicks  neutral  technical  progress  is  especially  concerned 
with  the  possibility  that  factor  productivities  and  output  elasticities 
nay  exhibit  special  interteBg>oral  regularities,  apart  from  preserving  the 
parameters  of  abstract  technology.  In  particular,  Harrod  assumes  that  the 
output  elasticity  of  capital  will  remain  constant  over  time.  This  implies 
that  inventions  are  labor  augmenting,  as  the  capital  stock  increases  rela- 
tive to  the  labor  supply.  In  the  Harrod  conception  the  average  product  of 
capital  curve  ahifts  Iso-elastlcally  as  capital  grows,  assuming  a constant 
rate  of  interest.  Harrod 's  emphasis  on  the  constant  output  elasticity 
of  capital  Indicates  his  basic  concern  for  the  consequences  of  new  innova- 
tions in  altering  the  relative  productivities  that  would  have  prevailed 
had  capital  growth  been  Hicks  neutral.  Neither  the  initial  bundle  of  goods 
comprising  output  nor  the  initial  marginal  rate  of  technical  substitution 

arc  especially  Important.  What  counts  is  the  output-capital  ratio  and  the 
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Intertemporal  trend  in  the  marginal  product  of  labor. 

Neither  Hicks  nor  Harrod  neutrality  is  inherently  superior  to  the  other. 
Neutral  technical  prograss  could  plausibly  be  of  either  type.  Moreover,  technolog- 
ical change  need  not  be  neutral.  If  it  is,  or  closely  approximates 
neutrality  however,  analysis  is  facilitated.  If  it  is  not,  the  exact 
nature  of  non-neutrality  must  be  estimated  through  the  use  of  diverse 
functional  specifications. 


The  foctgoing  discussion  hss  iapllcltly  dsslt  with  nlcrosconoBlc 
production  rslstlons.  It  Is  cooswn  prsctlcs  to  dlsrsgsrd  gsnsrsl  squillbrluB 
sod  trsst  ths  sntlrs  nscro  economy  or  specific  sectors  ss  If  they  constituted 
one  gigantic  firm.  Aggregate  production  functions  of  this  type  are  written 
In  a form  similar  to  equation  (1), 

(3)  Q - F(X,Y,2,t)  . 

More  than  time  however  Is  Insinuated  Into  the  aggregate  production  function 
form.  Output  and  Inputs  instead  of  representing  homogeneous  variables  are 
necessarily  heterogeneous.  As  output  Increases,  Its  composition  nay  change 
for  reasorui both  of  supply  and  demand.  Such  changes  could  easily  be  confused 
with  technological  progress  adding  further  to  the  difficulty  of  actually 
measuring  the  components  of  abstract  technology.  In  light  of  the  foregoing 
discussion  It  should  be  clear  that  the  complex  reality  of  economic  production, 
in  a world  of  flux  and  technical  progress,  cannot  be  easily  subsumed  and 
measured  in  terns  of  a few  simple  characteristics  of  abstract  technology. 

This  acknowledgment  however  Is  not  necessarily  fatal.  By  Judiciously 
employing  the  distinction  between  neutral  and  non-neutral  technical  change, 
by  applying  diverse  statistical  tests  on  alternative  specifications,  by 
assessing  the  systematic  aspects  of  macro  aggregative  structural  change, 
a workable  model  of  the  operative  forces  governing  production  can  be 
devised.  Such  a model  If  understood  as  the  best  estimate  It  Is,  may  serve 
useful  analytic  and  policy  functions,  without  Implying  more  precision  that 
Its  conceptual  underpinnings  can  be  made  to  plausibly  bear. 

C.  Growth,  Measurement  and  Technological  Progress 

1.  The  Effect  of  Qualitative  Growth  and  Structure  Change  on  Aggregate 
Production  Relations 

Supposa  that  production  function  analysis  does  provide  us  with  a work- 
able Biodel  of  the  aggregate  production  process.  Is  the  knowledge  It  imparts 
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conprchsnslv*  and  Is  it  compstiblc  with  aors  tradltionsl  description  of 
growth?  The  answer  to  this  question  depends  on  the  fastidiousness  with  which 
production  function  estlsation  is  executed.  The  issue  involves  probleos 
both  of  conceptualization  and  measurement.  Even  at  the  level  of  the 
Bultlproduct  firm,  growth  takes  many  forms.  The  first  most  obvious  is 
volumetric  change,  understood  as  variation  in  output  and  input  magnitudes 
all  treated  as  homogeneous  goods.  Qualitative  change  is  a second  and  closely 
related  aspect  of  growth  in  which  the  character  as  opposed  to  the  volume  of 
goods  vary.  Third,  structural  development  alters  the  mix  of  inputs  and 
outputs  for  broad  classes  of  goods  without  affecting  quality.  Although 
there  is  a strong  affinity  among  all  three  types  of  economic  growth, 
production  theory  usually  is  preoccupied  with  volumetric  change.  As  a 
result  of  this  focus,  gro%rth,  output-input  ratios,  and  the  form  of  the 
production  function  itself  may  be  misestimated,  the  degree  of  error  depending 
on  the  magnitude  of  qualitative  and  structural  change. 

In  trying  to  appreciate  what  the  omission  of  qualitative  and  structural 
growth  might  imply  beyond  simple  misestimatlon,  it  is  helpful  to  reflect 
once  again  on  the  problem  of  technological  change.  Suppose  that  technical 
progress  estimated  from  deflated,  but  non-quality  adjusted  data  is  Hicks 
neutral  so  that  the  growth  residual  and  the  production  function  are 
separable.  Can  it  be  presumed  that  this  separability  will  be  preserved  if 
input  and  output  variables  are  redefined  causing  relative  magnitudes  and 
time  trends  to  change?  Car.  it  be  said  that  new  inventions  have  the  same 
abstract  technological  character  as  their  predecessors  so  that  for  any 
given  set  of  input  proportions,  the  marginal  rates  of  technical  substitu- 
tion will  be  identical?  The  answer  depends  largely  on  how  seriously  the 
analyst  is  connitted  to  the  conception  of  an  aggregate  production  function. 
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If  as  • stataMnt  of  faith  ona  ballevaa  that  tha  aggragata  spaclficatlon 
roughly  approxlmataa  pravaillng  tachnology  throughout  tha  aconomy  and  all 
varlablas  are  hoBoganaous,  qualitative  change  oust  be  viewed  as  a spurious 
problem  since  with  one  good  there  can  be  only  one  quality.  If  this 
stance  is  relaxed  and  the  heterogeneous  character  of  outputs  and  inputs 
acknowledged,  allowing  for  diverse  sectoral  technologies,  Hicks  separability 
is  not  sustained  and  must  be  reinterpreted.  For  it  to  be  true  that  new 
and  old  inventions  affect  the  marginal  rate  of  technical  substitution 
identically,  input  supplies  impounded,  the  sectoral  distribution  of  improved 
producers'  durables  suist  correspond  with  the  initial  distribution,  otherwise 
weight  of  the  technology  specific  to  the  expanding  sector  will  increase 
relative  to  the  average.  Since  quality  growth  and  structural  development 
mean  precisely  that  fewer  Inferior  goods  are  produced  and  the  composition 
of  outputs  is  altered  in  a preferred  direction,  the  aggregate  character 
of  abstract  technology  will  vary  with  technological  progress  and  the  condition 
that  the  marginal  technical  rate  of  substitution  be  the  same  for  old  and 
new  capital  stocks  cannot  be  satisfied.^ 

Harrod  neutral  technical  progress  is  also  subverted  by  qualitative 
and  structural  change.  The  Important  point  here  though  is  not  so  much 
that  a particular  conception  of  neutrality  is  contingent  on  aggregate 
variables  preserving  a reasonable  degree  of  intertemporal  homogeneity,  but 
that  the  very  conception  of  an  analytically  valid  aggregate  production 
function  depends  on  a substantial  sieasure  of  stability  in  the  heterogeneous 
composites  designated  as  inputs  and  outputs.  Under  most  circumstances  we 
can  hope  that  our  aggregates  are  workably  stable,  however  this  hope  should 
not  be  permitted  to  obscure  the  fact  that  during  periods  of  radical  structural 
transformation  auch  as  occurred  in  Soviet  Russia  1926-1937  the  necessary 
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•Cability  alnlnua  1«  probably  lacking.  Znatcad  of  Ignoring  or  auppreaslng 
tha  conaaquancaa  of  qualltativa  and  structural  growth,  the  analytic  signifi- 
cance of  these  changes  are  assessed  by  measuring  output  series  with  alter- 
native price  weights,  reflecting  different  tastes  and/or  technologies. 

This  use  of  the  conditional  mood  enables  scholars  to  judiciously  delineate 
coherent  trends  from  empirical  evidence  which  might  otherwise  appear  to  be 
completely  ambiguous. 

Traditional  growth  theory  takes  explicit  cognizance  of  these  difficulties 
and  has  elaborated  an  Imposing  body  of  doctrine  centered  around  the  concept 
of  index  number  relativity.  Although  production  theory  has  been  less 
concerned  with  qualitative  and  structural  growth  than  Index  nuiber  theory, 
the  problem  has  been  met  indirectly  through  the  concept  of  the  technological 
epoch.  As  a trorklng  hypotbesia  it  is  conjectured  that  the  parameters  of 
abstract  technology  and  the  specific  form  of  the  aggregate  production 
function  remain  in  force  for  a discrete  period.  Technological  progress 
within  the  epoch  may  be  neutral  or  biased  (capital  or  labor  augmenting) 
so  that  change  can  be  encompassed  without  having  to  adjust  the  parameters 
of  abstract  technology  every  time  a new  non-neutral  Invention  enters  the 
capital  stock.  So  long  as  technical  progress,  biased  or  otherwise,  and 
the  qualitative  and  structural  changes  that  follow  In  Its  train  do  npt 
subvert  the  initial  functional  specification,  the  epoch  is  a useful 
construct.  It  can  even  be  combined  with  index  theory  to  provide  additional 
Insights  when  structural  change  Is  important,  but  not  Important  enough  to 
Invalidate  the  meaning  of  a particular  technological  epoch.  For  example, 
suppose  that  technical  progress  Is  basically  Hicks  neutral,  but  the  sector 
composition  of  final  output  Is  slowly  changing  and  with  It  relative 
commodity  prices.  By  employing  a Lespayres  quantity  index  with  base  year 
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price  weights,  Hicks  neutrality  takes  on  a conditional  meaning  with 

12 


reference  to  the  inltlel  output  six.  Ae  ve  mv  earlier,  neutrality  of 
thia  aort  la  ispure,  but  la  nevertheleaa  analytically  uaeful.  Harrod 
neutrality  by  contraat,  with  ita  eaphaaia  on  the  output  elaaticity  of 
capital  and  the  rate  of  Intereat  in  years  subsequent  to  the  base  year , 
could  veil  be  evaluated  with  novlng  end  year  price  weights  if  the 
character  of  abstract  technology  after  structural  change  had  occurred 
seemed  of  interest.  In  epochs  where  structural  change  is  potent 
therefore  some  decision  on  price  weights  is  Incumbent  if  a full  apprecla* 
tion  of  the  growth  process  is  to  be  achieved.  Even  these  devices  however 
will  be  to  no  avail  if  atructural  change  is  really  sizable,  if  the 
abstract  technological  character  of  the  rapidly  expanding  sectors,  alter 
the  composite  functional  form  in  an  appreciable  way.  Careful  attention 
therefore  must  be  paid  to  structural  considerations  before  the  findings 
^ of  production  function  analysis  can  be  given  a definitive  interpretation. 

2.  Sectoral  Production  Theory:  The  Role  of  Intermediate  Inputs 

Regardless  of  the  prevailing  epochal  form,  it  may  sometimes  be  useful 
to  work  with  sectoral  rather  than  aggregate  production  functions.  This  will 
be  the  preferred  procedure  whenever  the  technological  structure  of  the  macro 
economy  is  highly  differentiated,  or  as  in  the  foreign  trade  case,  where  the 
composition  of  Imports  diverges  significantly  from  the  export  bill.  Can 
* we  presume  that  sectoral  production  function  analysis  replicates  aggregate 
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•xMlysls  in  ainlAture?  la  on*  ••a**  th*  aa*«*T  to  tbl*  quMCloa  Buot  be  yes, 
for  the  specification  of  an  aggregate  relationship  for  a sector  which  sub- 
suBss  the  technologies  of  diverse  flms  without  regard  to  their  specificity 
differs  from  the  macro  aggregative  approach  in  degree  only.  Both  are 
statistical  abstractions.  Neither  represents  the  production  functions  of 
particular  firms.  However,  if  attention  is  focused  not  on  individual 
sectors  in  isolation,  but  on  the  entire  environment  of  intersectoral  rela- 
tions the  conceptual  analogy  between  macro  and  sectoral  aggregates  degenerates. 
This  degeneration  reflects  the  endogenlzatlon  of  a fifth  aspect  of  abstract 
technology  not  previously  considered, the  efficient  utilization  of  intermediate 
Inputs.  Production  of  course  entails  the  use  both  of  intermediate  and 
primary  factors.  The  conventional  specification  of  production  processes 
however  usually  abstracts  from  intermediate  Inputs  because  according  to 
marginal  productivity  theory  intermediate  Inputs  are  produced  goods  whose 
price  is  determined  by  the  marginal  cost  of  primary  factors  employed  else- 
where in  the  economy.  Both  micro  and  macro  aggregative  production  functions 
therefore  are  represented  net  of  intermediate  inputs,  as  the  physical 
analogue  of  a value  added  process. 

This  convention  is  Justified  at  the  level  of  the  firm  if  technical 
progress  is  assumed  to  have  no  bearing  on  the  utilization  of  intermediate 
inputs.  It  is  also  Justified  for  the  economy  as  a whole  because  all  primary 
inputs  are  included  as  factors  of  production  no  matter  how  the  structure  of 
intermediate  use  varies  over  time.  Sectoral  aggregates  however  are  embraced 
under  neither  of  these  headings.  Input-output  analysis  has  demonstrated 
that  intermediate  input  technology  is  subject  to  substantial  change  at  the 
sectoral  level,  while  no  individual  sector,  by  snalogy  »dth  the  macro  aggre- 
gate, employs  Che  full  primary  factor  stock.  As  a consequence,  sectoral 


produccloa  functions  are  bast  concnivsd  In  terns  of  the  totel  eet  of  relstlons 
governing  output  end  Inputs,  within  and  saong  sectors.  One  way  of  accom- 
plishing this  objective  without  abandoning  the  conceptual  fraawwork  of 
narginal  productivity  theory  is  to  treat  intermediate  Inputs  as  part  of  a 
broadened  sectoral  abstraction  in  which  the  primary  factors  utilized  in  the 
production  of  intermediate  goods  are  classified  with  primary  factors  directly 
employed  in  the  production  process.  Stretching  the  definition  of  sectoral 
production  in  this  manner  entails  no  theoretical  costs,  while  providing 
eubstantlal  analytic  benefits  by  incorporating  all  direct  and  indirect 
sources  of  sectoral  technical  change  without  omission.  Conceptually  it  is 
e<)uivalent  to  assuming  that  every  sector  is  vertically  integrated,  producing 

all  its  own  intermediate  goods  %d.th  diverse  technologies  from  an  initial 
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endowment  of  primary  factor  inputs. 

Associated  with  this  revised  definition  of  sectoral  production  is 
the  parallel  requirement  that  qualitative  changes  (assuming  no  intrasectoral 
structure  transformation)  be  attributed  to  the  appropriate  sectors  of  origin. 
Quality  Improvement  can  occur  either  in  intermediate  or  final  goods.  Since 
our  expanded  definition  encompasses  both,  they  can  be  bandied  analogously. 

The  correct  method  of  adjustment  for  converting  qualitetive  into  quantitative 
growth  depends  on  the  character  of  the  prevailing  epoch.  Base  year  relatives 
should  be  employed  when  Hicks  neutrality  seems  plausible,  other  weights 
should  be  chosen  for  Harrod  neutral  or  biased  change  as  the  analytical 
focus  dictates. 

This  same  framework  is  relevant  for  variations  in  primary  factor  stocks 
as  well.  Where  macro  aggregate  production  functions  are  of  concern  it  is 
often  convenient  to  leave  primary  factor  stocks  unadjusted  for  quality 
changes  that  affect  then  in  %ihole  or  in  part,  because  they  will  be  reflected 
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in  tha  growth  raaidual  (or  tha  afficlancy  paranatar).  Tha  aase  procedure 
can  be  utilized  for  sectoral  analysis,  provided  that  tha  expanded  definition 
of  sector  is  anployed.  However  the  possibility  always  exists  that  qualita- 
tive changes  in  prloary  inputs  may  affect  other  aspects  of  abstract 
technology  and  if  it  appears  that  nonneutral  effects  of  this  kind  might 
be  concentrated  in  certain  sectors,  improved  Inputs  can  be  converted  into 
their  equivalents  of  the  old  type  using  current  year  price  weights. 

From  the  foregoing  discussion  it  should  be  evident  that  the  sectoral 

level  of  observation  introduces  a novel  element  into  production  theory; 

Intersectoral  relations  or  intermediate  inputs.  If  conventional  sectoral 

classification  is  preserved,  the  role  of  intermediate  inputs  will  be  obscured 

and  true  production  relations  lolsspeclf led.  This  difficulty  however  can  be 

resolved  by  redefining  sectors  into  vertically  Integrated  entities,  with 

the  necessary  quantitative  recomputation  carried  out  through  an  input-output 
12 

algorithm.  Thus,  if  properly  designed  sectoral  production  function  studies 
may  not  only  be  feasible,  they  may  also  be  substantially  superior  to  macro 
aggregative  analysis  where  the  underlying  variables  are  intrinsically  more 
heterogeneous  than  their  sectoral  counterparts. 

3.  Soviet  Sectoral  Production  Analysis:  The  Problem  of  Administrative 
Prices 

Most  production  studies  of  market  economies  start  with  the  assumption 
that  relative  commodity  prices  are  proportional  to  marginal  costs,  and 
relative  factor  prices  are  proportional  to  marginal  productivities.  Ko  such 
presumption  is  admissible  under  Soviet  conditions  where  prices  are  established 
according  to  certain  bureaucratic  accounting  norms^^  As  a consequence,  both 
input  and  output  trends  may  be  biased  for  all  sectors,  causing  a fundamental 
misspeclfication  of  productive  relations.  Compounding  this  problem  is 
the  very  real  possibility  that  marginal  factor  productivities  differ  across 
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the  ••ctors  of  thm  •conony,  laplylng  porslstcnC  inCer*«cCor*l  disequilibrium.  I 

Ublle  no  amount  of  adJustMot  la  likely  to  resolve  these  problems  in  a ^ 

definitive  way,  they  can  be  greatly  mitigated  through  an  adjusted  factor  ' 

lA  i 

cost  price  correction  derived  from  an  input-output  algorithm.  Conceptually 
such  an  adjustment  has  the  effect  of  adding  a scarcity  charge  for  capital 

to  all  goods,  and  subtracting  the  direct  and  indirect  distortionary  influence  I 

of  turnover  taxes.  It  makes  prices  proportional  to  computed  marginal  costs  I 

(capital  and  labor) , on  the  assumption  that  the  observed  structure  of  pro- 
duction reflects  planners'  marginal  rates  of  transformation.  To  the  extent  j 

that  this  is  false,  factor  cost  prices  differ  from  their  perfectly  competl-  I 

tlve  analogues.  However,  if  the  underlying  disequilibrium  implied  here  j 

remains  more  or  less  constant  over  time,  adjiuted  factor  cost  valued  inputs  ^ 

and  outputs  should  provide  a tolerable  approximation  to  the  variables 

I 

desired  in  production  function  work.  Thus  although  Soviet  pricing  poses 
serious  problems  for  reliable  production  function  snalysis,  the  difficulties 
are  not  Insuperable. 

One  further  point  is  worth  noting.  Structural  change  in  the  Soviet 
economy  is  very  systematic.  Relative  sectoral  rates  of  growth  are  highly 
predlcable.  This  suggests  that  technological  progress  could  well  be  Hicks 
neutral.  Should  this  prove  to  be  the  case,  interpretation  of  the  causal 
process  of  Soviet  development  would  be  greatly  facilitated. 

D.  Econometrics  Problems  of  Production  Function  Estimation:  Identification 
When  two  or  mof  causal  processes  generste  observatlonally  equivalent 
structures,  a fundamental  problem  of  identification  Is  encountered. 

Experience  has  Bho%Ri  thst  identification  is  a major  and  endemic  problem  in 
aggregate  production  function  studies It  Is  caused  by  a strong  time  trend 
In  the  dependent  and  Independent  variables,  and  by  the  large  nu^er  of 
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par*a*tcr*  that  typically  naad  to  ba  astloatad.  Obaarvatlonal  arrors 

furthar  obCuacata  aattars.  Horaovar  aavaral  plausibla  apaciflcatlons,  such 

aa  the  constant  elasticity  of  substitution  form  (CCS)  raquira  tha  solution 

of  aquations  which  are  nonlinear  In  their  parameters.  The  algorithmic 

procedure  employed  to  solve  these  nonlinear  equations  does  not  necessarily 

insure  a global  optimum.  Depending  on  the  initial  values  chosen  for  certain 

parameters,  different  local  optima  will  be  reached.  Discovering  the  best 

fit  may  be  a difficult  task.,  especially  if  as  has  been  recently  emphasized, 

the  underlying  statistical  distributions  from  which  these  estimates  were 
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generated  is  nonnormal.  Finally,  as  if  the  preceding  encumbrances  were  not 
potent  enough,  available  time  series  for  each  epoch  often  contain  a relatively 
small  number  of  observations,  leaving  few  degrees  of  freedom  for  statistically 
meaningful  assessment. 

Taken  together  these  debilities  make  it  difficult  to  identify  the  best 
causal  interpretation  of  prevailing  production  relations.  Although  a priori 
considerations  could  in  principle  assist  us  in  resolving  this  impass,  in 
practice  there  are  too  many  plausible  alternative  causal  processes  for  pure 
theory  to  be  of  much  real  help.  Thus,  while  aggregate  or  sector  production 
function  theory  is  sufficiently  comprehensible  to  allow  meaningful  testing, 
the  fundamental  econometric  problem  of  identification  often  precludes  an 
unambiguous  appraisal  of  the  causal  laws  governing  production. 

E.  East-West  Trade  and  Production  Theory 

In  the  preceding  sections  we  discovered  that  production  function  analysis 
is  part  art  and  part  science.  Four  basic  conclusions  follow  from  our  discus- 
sion. First,  if  technical  progress  is  roughly  neutral  so  that  the  constituent 
elements  of  abstract  technology  remain  relatively  constant,  despite 
qualitative  and  structural  variations,  measurement  of  the  true  causal  process 
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bacomes  « conceptually  feasible  task.  Second,  sectoral  production  function 
studies  sre  at  least  as  reliable  measures  of  true  causality  as  aggregate 
production  studies,  if  sectors  are  arranged  into  vertically  integral  units 
that  endogenize  Incemediate  inputs.  Third,  sectoral  production  function 
studies  of  the  Soviet  economy  are  feasible,  and  economically  meaningful  if 
all  variables  sre  confuted  in  adjusted  factor  cost  prices.  Fourth,  no 
matter  how  consistent  the  a priori  design  of  a sectoral  production  function 
study,  the  fundamental  econometric  problem  of  identification  must  be  faced 
and  resolved  in  the  most  convincing  manner  feasible,  even  if  a decisive 
resolution  lies  beyond  our  grasp. 

Collectively  these  four  conclusions  imply  that  sectoral  production  function 
analysis  can  be  meaningfully  applied  to  Soviet  data  subject  to  the  con- 
ventional limitations  of  the  technique.  The  question  then  arises  as  to 
precisely  how  East-West  trade  fits  into  this  framework.  Net  producers' 
durable  Imports  alter  the  pattern  of  new  capital  formation  in  the  various 
sectors  of  the  national  economy.  If  the  volumes  of  investment  durable 
transfers  are  sufficiently  large  they  could  make  a perceptible  difference 
in  the  achieved  growth  rates  of  each  sector.  This  effect  can  be  calculated 
first  by  adjusting  the  sectoral  capital  stocks,  sddlng  back  exports  and 
subtracting  imports  and  second  by  adjusting  output  for  these  Incremental 
changes  in  capital  stocks. 

Net  producers'  durable  imports  esn  effect  the  growth  in  another  manner 
as  well.  If  the  technology  embodied  in  imported  durables  is  superior  to 
that  of  exports,  the  average  quality  of  the  capital  stock  will  rise.  In 
principle  this  masns  that  Imported  capital  should  be  added  to  the  sectoral 
stock  at  the  domestic  Soviet  msrginsl  rate  of  transformation  appropriate 
to  the  epoch,  with  a direct  adjustment  for  the  productivity  differential 
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■ade  to  tho»*  aapacts  of  abstract  tachnology  affacted  by  the  technology 
transfer.  Such  an  adjustment  however  is  especially  difficult  because  ex  post 
data  provides  no  independent  observations  on  the  form  of  pre  transfer  production 
function.  Various  expedients  exist  for  circumventing  this  problem.  The 
experience  of  sectors  unaffected  by  trade  trazisfers  could  serve  as  a 
referent  for  gauging  the  productivity  increment  associable  with  net  invest- 
ment durable  Imports.  Or  if  the  data  neatly  decomposed  into  pre  trade  and 
post  trade  epochs  with  sufficient  observations  in  each  period  to  make  re- 
gression analysis  statistically  meaningful,  the  possible  magnitude  of  the 
trade  effect  could  be  estimated.  These  are  crude  techniques  which  lump 
the  effects  of  embodied  and  disembodied  (scientific  information,  patents, 
blueprints  etc.)  transfers  together,  however  they  could  suggest  the  order 
of  magnitude  of  the  efficiency  benefit  derived  by  the  Soviets  from  foreign 
technology  transfers  as  a whole. 

Finally,  another  alternative  might  be  considered.  Direct  sample  com- 
parisons of  the  relative  efficiency  of  standard  Soviet  investors'  durables 
and  their  imported  counterparts  could  at  the  very  least  enable  us  to  estimate 
the  efficiency  advantage  of  Western  durables.  Surrogates  for  such  a sampling 
might  also  be  found.  If  this  information  is  taken  in  conjunction  with  a 

range  of  hypothetical  diffusion  rates  the  domain  of  feasible  transfer 
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benefits  could  be  effectively  delineated. 

In  the  following  chapter  we  take  a first  step  towards  estimating  the 
Impact  of  East-West  trade  on  Soviet  sectoral  growth  by  applying  the  traditional 
productivity  residual  method  to  compute  the  pattern  and  rate  of  productivity 
growth  in  the  various  sectors  of  the  Soviet  economy,  using  alternative 
weights  and  sectoral  classifications.  The  data  is  of  the  unadjusted 
Lespeyres  variety  and  is  compatible  with  the  Hicks  neutrality  assumption. 
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Introduction  and  Chapter  I 


Notes 


1.  I myself  have  argued  this  proposition.  See  Rosefielde,  "Economic 
Development  and  the  Changing  Pattern  of  Soviet  Foreign  Trade,"  Current 
History.  October  1975,  136-147. 

2.  For  a complex  ettempt  at  measuring  gains  from  trade  see  van  Brabant, 
Bilateralism  and  Structural  Bilateralism.  Rotterdam  University  Press, 
1973.  On  consusMr  surplus  see  Abram  Bergson,  "A  Note  on  Consumer's 
Surplus,"  Journal  of  Economic  Literature.  Volume  XIII,  ^*1,  March  1975, 
38-44. 

3.  There  Is  an  Implicit  circularity  In  this  argument  since  presumably  the 
goods  produced  from  Imported  durables  are  valuable  only  Insofar  as  they 
will  confer  utility  on  those  vho  will  ultimately  consume  them.  This 
difficulty  can  be  partially  obviated  by  appeal  to  the  concept  of 
production  potential  developed  by  Abram  Bergson.  So  long  as  the  norma- 
tive ambiance  of  this  standard  Is  borne  In  mind,  production  pot'sntial 
or  the  growth  Increment  serves  a useful  rough  end  ready  measure  of 
augmented  physical  capacity.  See  Abram  Bergson,  The  Real  National 
Income  of  Soviet  Russia  Since  1928.  (Harvard  University  Press, 
Cambridge,  1961),  25-41  and  Steven  Rosefielde,  "Sovietology  and  Index 
Number  Theory,"  Economia  Intemazionale,  February  1975,  42-53. 

4.  Consider  the  Cobb-Douglas  case. 

(1)  Y - • 

The  marginal  products  of  capital  and  labor  are 


(2)  3y/3K  - 6yK^~^1-^’*  - 6yK^L^“*^(k“^)  - 6Y/K 

(3)  3Y/3L  - (1-6)yK*L^^“^^"^  - (1-6)yK*L^^"^^ (l“^) 

- (1-6)  Y/L 


so  that  the  marginal  rate  of  technical  substitution  Is 


(4) 


3Y/3K 

3Y/3L 


which  clearly  depends  on  the  Input  proportions  term  L/K. 

5.  As  we  shall  $m*  shortly  In  the  Soviet  cas^  the  marginal  rate  of  technical 
substitution  meaaured  with  a CES  production  function  assuming  Hicks 
neutral  technical  progress  continuously  declines  In  postwar  period 
because  capital  Inputs  grow  more  rapidly  than  labor. 
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Equation  onn  ankts  cloar  why  thin  Is  so  o >0 


C 
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1^  - • 

6.  If  the  fixity  of  interest  rste  is  insisted  upon  Chen  it  cen  be  shovn 
that  Harcod  neutral  technical  progress  differs  fundamentally  from 
the  Hicks  specification  because  the  marginal  productivity  of  capital 
in  the  Hicks  version  is  a functio'  of  time  (C)  as  is  evident  in  the 
CES  example, 

(1)  II  - . 

See  Charles  Ferguson,  The  Keoclaasical  Theory  of  Production. 

(Cambridge  University  Press,  Cambridge,  1969),  223-4.  Also  see 
Alberto  Chllosl  and  Stanislav  Gomulka,  "Technological  Condition  for 
Balanced  Growth:  A Critical  Restatement,"  Journal  of  Economic  Theory. 
Vol.  9,  #2,  October  1974,  171-184. 

7.  The  seriousness  of  this  problem  depends  in  part  on  how  different  the 
underlying  sectoral  production  functions  are.  For  a terse  and  cogent 
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Chapter  II 


1 

THE  SECTORAL  PATTERN  OF  PRODUCTIVITY 
IN  SOVIET  INDUSTRY  1950-73 


Given  the  analytical  and  econometric  problems  associated  with  production 
theory,  it  is  often  useful  to  assess  the  character  of  growth  with  simpler 
techniques.  For  example  by  studying  the  relationship  between  annual  in- 
creases in  output,  capital  and  labor,  growth  can  be  divided  into  two  compo- 
nents, one  explained  by  the  physical  augmentation  of  primary  input,  the 
other  by  exogenous  factors.  The  growth  contribution  ascrlbable  to  other 
causes  is  typically  referred  to  as  Che  "residual."  Lumped  together  under 
the  residual  ere  improvements  In  labor  skill,  industrial  organiza- 
tion, embodied  technical  change  and  returns  to  scale Although  the  residual 
is  an  amalgam  precisely  because  its  components  cannot  be  easily  separated 
according  to  their  relative  importance,  a general  picture  of  the  range  of 
feasible  interpretations  can  be  gleaned  from  a careful  investigation  of  Its 
behavior  over  time. 

In  the  current  economic  literature  two  alternative  measures  of  the 

productivity  (growth)  residual  are  frequently  encountered.  The  Abramowicz 

residual  is  computed  by  subtracting  a weighted  measure  of  input  growth  from 
^ 2 

output  growth: 


where  R ■ residual 
Y ■ income 
L ■ labor 
K - capital 

0,6  •>  income  shares,  labor  and  capital  respectively. 
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The  eharc  of  GNP  contributed  by  labor  (a)  end  cepltel  (8)  In  the  base  period  often 
are  aaauaed  to  be  proportional  to  narglnal  factor  productivities.  If  Euler's 
Theorem  holds  moreover,  then  the  underlying  production  function  will  be 
homogeneous,  so  that  the  residual  implicitly  contains  non->speclf led  growth 
sources,  valued  at  their  corresponding  marginal  productivities.  Further- 
more, since  the  Integral  of  equation  1 can  be  derived  from  a Cobb-Douglas 
form,  the  Abramowitz  residual  presumes  a unitary  elasticity  of  substitution. 

Taken  together,  these  properties  la^art  a very  definite  meaning  to  the 
residual,  which  If  not  actually  true,  constitute  a workable  first  step 
towards  comprehensive  assessment,  especially  so  If  the  true  underlying 

3 

specification  la  unknown. 

4 

The  Solow  Residual  affords  an  alternative  and  sure  compressed  expression: 


(2) 


dR/dt  (dl/dU/dt  ^(dK/dL)/dt 
R “ Y/L  ■ ^ kTl 


or 


where  R * the  time  derivative  of  the  residual 

y > the  time  derivative  of  the  output/labor  ratio.  Interpreted 
as  per  worker  output 

k « the  time  derivative  of  the  capital/labor  ratio.  Interpreted  as 
per  worker  capital  Input 
8 ■ the  marginal  product  of  capital. 

It  explicitly  treats  8 not  as  an  Income  share,  but  as  the  marginal  product 
of  capital.^  Moreover,  the  Solow  measure  can  be  calculated  from  only  one 
Independent  variable.  This  advantage  however  Is  not  as  great  as  it  might 
appear  and  the  Solow  Residual  can  be  expressed  in  the  form  of  s total 
productivity  Index  Identical  to  equation  1. 
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Slac*  Ch«  cholcft  b*CwMn  these  two  residual  Beasures  depends  on  data 

availability  and  specification,  in  the  analysis  which  follows  we  utilize 

the  AbrsBOwltz  type  residual  which  does  not  necessarily  presus«  that  income 

shares  precisely  correspond  with  marginal  factor  productivities.  This 

choice  however  is  of  little  importance  because  for  the  Soviet  data  assessed 

6 

here,  Abrasowitz  and  Solow  residuals  seldom  differ  by  SZ  and  never  2SZ. 

Although  the  Abramowitz  specification  given  in  equation  1 is  quite  simple, 
it  nonetheless  possesses  several  problems  where  sectoral  production  functions 
are  concerned.  How  are  we  to  Interpret  the  variables  themselves?  How  is 
labor  to  be  measured?  Should  we  treat  capital  and  labor  in  any  particular 
sector  as  the  primary  factors  tdiich  give  rise  to  sectoral  output,  or  should 
i#e  rather  conq>ute  the  dlrect-plus-indirect  factor  requirements  needed  to 
sustain  sectoral  production  from  tihatever  eectot  they  are  obtained?  Like- 
wise how  should  the  coefficients  be  treated?  Factor  shares  are  not  invariant 
to  the  price  system,  nor  to  eccountlng  conventions.  Should  Soviet  measures 
of  profit  be  teken  eeriously?  What  about  Interest?  Can  prices  be  adjusted? 

All  these  issues  are  important,  and  therefore  rather  than  preclude 
various  alternatives  for  one  reason  or  another  the  following  expedients  were 
adopted.  First,  factor  input  was  measured  both  directly  in  terms  of  the 
sector  of  ownershi,^  or  control  and  dlrectly-plus-indirectly  by  sector  of 
origin.  Second,  labor  was  coaq>uted  both  in  man  years,  and  in  man  years 
adjusted  for  changes  in  man  hours.  Third,  various  alternative  income  share 
measures  were  applied  as  parametric  weights  in  calculating  the  residual. 

More  specifically,  two  distinct  production  schemes  were  considered.  The  first 
is  derived  from  the  conventional  specification  which  relates  gross  sectoral 
output  to  sectoral  input: 


(3) 


- lir(K^,L^) 
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Instead  however  of  correlating  gross  output  and  Input  series,  a net  product 
ssasure  Is  utilized  for  which  excludes  Intermediate  Inputs. 

The  second  specification  Is  a value-added  flow  form 


- RF(Kj,L^) 


J*l,.*.lf*..n 


where  ^ output  of  sector  1 equals  the  value  added 

J-1  ^ 

contributed  by  all  J sectors  Including  the  1 th 


all  the  dlrect-plus-lndlrect  capital  required  to  deliver 
Y^  to  final  demand 

all  the  dlrect-plus-lndlrect  labor  required  to  deliver 
Y^  to  final  demand. 


Since  the  rational  behind  these  alternative  formulations  may  not  be 
fully  understood,  let  us  pause  to  reflect  on  their  meaning  before  proceeding 
to  explain  computational  fine  points.  The  central  problem  with  conventional 
sectoring  Is  that  It  Is  Inconsistent  with  national  Income  accounting  theory 
and  practice.  Cross  national  product  Is  always  equal  to  total  factor  cost 
Including  profit.  By  analogy  the  final  product  of  every  sector  should  be 
related  to  the  factors  required  for  its  production.  If  sectors  were  com- 
pletely Independent  of  each  other,  this  condition  would  be  easily  satisfied. 
But  ordinarily  a certain  share  of  the  output  of  one  sector  Instead  of  being 
delivered  directly  Co  final  consumption  Is  amploysd  as  an  Intarmadlate  Input 
for  the  production  of  goods  In  some  other  sector.  These  Intermediate  Inputs 
become  sn  Integral  part  of  the  final  product  of  the  purchasing  sector.  For 
exasple  tires  are  essential  to  automobiles,  even  though  they  might  be 
classified  technically  as  the  product  of  tha  rubber  industry.  Thalr  cost 
la  Included  In  tha  price  of  the  final  good,  and  is  presumably  equal  to 
the  value  added  by  tha  factors  employed  In  tha  production  of  these 
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ittCcroBdlJic*  inputs.  Fron  the  vlsfwpolnt  of  conventions!  production  function 
analysis  hovaver  IntanDsdlate  Inputs  are  treated  Inconsistently.  Using 
gross  value  of  output  sectoral  series,  intersiediats  inputs  are  subsussed 
as  a conponent  of  cost  and  therefore  output,  but  the  factors  associated 
vith  their  production  are  excluded  from  the  input  series.  As  a consequence, 
reported  output  far  exceeds  the  quantity  of  factors  required  to  sustain 
Implied  activity  levels.  Moreover,  if  the  relationship  between  final 
output  and  intermediate  input  varies  Intertemporally  the  parameters  of 
abstract  technology  might  be  misestimated  on  this  account.  Thus  the  use 
of  gross  output  series  not  only  misrepresents  the  production  process,  it 
runs  the  risk  of  misconstruing  changes  in  the  level  of  intermediate  input 
intensity  vith  changes  in  technology  more  narrowly  defined. 

In  principle  two  alternative  procedures  are  available  to  deal  with  the 
problem  of  intermediate  goods.  Both  permit  consistent  sectoring,  but  differ 
conceptually.  The  first  and  simplest  approach  (equation  3)  merely  subtracts 
intermediate  inputs,  including  internally  produced  intermediate  goods  from 
gross  sectoral  output.  The  resulting  net  output  series  is  thereby  rendered 
consistent  with  factors  classified  by  origin,  but  has  a very  distinct 
meaning.  Returning  to  the  automobile  example  alluded  to  above,  the  product 
of  the  automotive  sector  is  the  assembled  chalssc,  the  assembled  motor, 
the  installed  textiles,  and  products  of  the  petrochemical  Industry,  including 
tires,  the  steering  wheel  and  dashboard.  The  unassembled  intermediate 
materials  themselves  are  excluded  from  net  product.  Now  insofar  as  any 
particular  analysis  calls  for  the  investigation  of  technical  progress  in 
the  automotive  assembling  industry,  the  net  output  approach  constitutes  the 
appropriate  nomenclature  convention.  Ofter  however  one  might  suppose  our 
interest  inheres  not  in  assembling  per  se,  but  in  the  total  technology 


that  govarna  Che  production  of  auConobllea.  Intaraadiata  inpuCa  in  this 
view  rather  than  being  treated  aa  alien  gooda  are  conceived  of  aa  an 
eaaential  part  of  a vertically  integrated  production  proceaa,  each  coc^onent 
of  which  contributes  to  Che  total  opportunity  cost  of  output. 

The  advantage  of  a vertically  integrated  aectoral.  nomenclature  is 
that  it  conforms  with  coononaense  and  the  national  Income  accounting  notion 
of  a product  aa  a final  delivered  good  Inatead  of  the  abstraction  "value 
of  assemblage."  Its  disadvantages  are  threefold.  It  is  difficult  to 
compute,  it  is  unfamiliar,  and  it  appears  to  diverge  from  some  implicit 
engineering  ideal  of  a sector  as  a discrete  abstract  process.  The  first 
two  probleais  are  not  really  substantive  in  the  final  analysis.  The  third 
deserves  more  detailed  consideration.  By  analogy  with  the  theory  of  the 
firm,  it  is  possible  to  imagine  a production  function  as  an  expression  of 
engineering  norms  for  a specific  production  technique.  It  is  tempting  to 
extrapolate  this  Imagery  Co  aggregate  sectors  such  as  chemicals,  machine 
building,  metals  etc.,  but  this  could  only  be  apposite  in  a very  loose 
sense.  A large  component  of  factor  use  in  any  sector  is  necessarily  com- 
prised of  non-assembly  line  work,  and  the  relationship  of  capital  and  labor 
to  output  where  a large  and  variable  array  of  specific  intrasectoral 
production  techniques  are  aggregated  is  anything  but  precisely  correlated 
with  some  discrete  notion  of  engineering  technique.  Concretely  then  Che 
choice  between  the  net  output  and  vertically  integrated  nomenclature  con- 
ventions hinges  fundamentally  on  whether  the  analyst  is  concerned  with 
assemblage  technology  or  delivered  final  product.  In  thia  chapter 
statistical  material  is  presented  for  both  sectoral  classifications,  but 
it  is  the  author' a view  that  the  vertical  integration  nomenclature  is  the 
more  interesting.  Before  proceeding  to  an  evaluation  of  these  findings, 
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let  US  sss  Borc  szsctly  how  vsrclcslly  Intsgrsced  output  and  Input  sarles 
can  be  conputad  from  Input-output  data. 

The  logic  of  the  trans format Ion  from  Independent  to  vertically  inte- 
grated sectoring  requires  that  the  output  of  all  industries  be  calculated 
in  terms  of  final  delivered  product,  and  that  the  inputs  actually  required 
to  sustain  that  product  be  recorded  Irrespective  of  their  sector  of  origin. 
The  first  condition  has  been  met  pro  forma  by  extrapolating  the  ratio  of 
final  to  gross  sectoral  output  forward  and  backwards  from  the  1966  Soviet 
input-output  table.  The  same  net-gross  assumption  is  employed  in  trans- 
forming the  conventional  direct  sectoral  specification  of  equation  3 into 
the  appropriate  net  product  form.  The  second  condition  is  satisfied  by 
computing  all  dlrect-plus-lndirect  factors  needed  for  the  production  of 
the  intermediate  inputs  embodied  in  final  output.  Including  the  value 
added  of  the  producing  sector. 

Various  methods  exist  for  computing  direct-plus-indirect  flows.  One 
intuitive  approach  is  to  rearrange  the  flows  of  the  input-output  table 
so  that  the  final  output  of  each  sector  is  Included  in  each  a^^  cell, 
making  it  possible  to  associate  capital  and  labor  in  the  originating  sector 
with  the  physical  output  level  (intermediate  and  final)  in  the  same  sector 
of  origin.  For  example  the  standard  1-0  equational  system 

(5a)  aj^2^  * * • “in^n  ^1  " ^ 

*21^  + * • • *20^  S * ^2 

e e e • 

• e • • 

• s • • 

nl  i o2  2 on  n n n 


can  be  rewritten  as: 
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(5b) 
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*21*1 


•l2*2  • • • *la\ 

*22*2  ^^2  • • • •2n^n 


a,X,  •oX,  ...«X+C-X 

nl  1 n2  z nn  n n n 

or  redefioing  X^^  and  a^^^  aa  X^^  ■ X^  + and  a^^^  • ^*11  '*’  • 


(5c) 

* * * 

X - A X 

*1 A 

y2 

hi  hi 

'21*2 

*22*2  ^2 

*21  *22 

vhere 

X*  ■ gross  flows 

* 

A - Che  technology  matrix 
C ■ a vector  of  final  outputs 

Dropping  the  asterisks  for  notational  simplicity,  the  resulting  gross 
output  flow  matrix  Is  next  converted  Into  a labor  and  capital  flow 
matrix  by  pre-multlplylng  the  output  flow  matrix  with  the  appropriate 
diagonal  labor/ouCput  and  caplcal/output  ratios: 
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<H'*1>*11  <4/*1>*12 

(L2/X2)X2j^ 


hi  hi 
4i  hi 


Then  prcaultlplying  (6)  and  (7)  by  a row  sum  vector  of  ones,  yields  the 
desired  measures  of  dlrect-plus-indlrect  capital  and  labor  required  to 
produce  observed  gross  output  of  each  sector. 


X - eL 


(1  1)  *■“  *■“  - ILjj  + Ljj  + Ljjl 

4i  hi 


K > eK 


- U 11 


*11  *12 


- ^ Kj,  K,2  4 K22I 


Since  ve  are  dealing  with  serial  data  i and  K must  be  serially  adjusted.  A 
full  adjustment  would  entail  the  use  of  a series  of  input-output  tables  that 


accounted  for  all  technical  changas.  Lacking  the  necessary  tables,  as  a 


32 


••cond  b««C  w«  prvsuM  ehat  the  technology  utrlz  rnanlno  osnltered,  varying 
the  voluae  of  capital  and  labor  annually  trlth  Indlcea  of  factor  growth.  This 
allows  the  differential  rates  of  sectoral  factor  accunulatlon  to  express 
themselves  In  the  flow  of  primary  factor  matrices,  assuming  a stable  struc- 
ture of  Intersectoral  demand.  Equations  10  and  11  Illustrate  the  computa- 
tional process,  «ihere  each  partition  of  the  primary  factor  flow  matrix 
corresponds  to  a particular  year  during  the  period  1930-1973,  and  the 
matrices  (I-fF)  and  are  arrays  of  capital  and  labor  growth  Indices, 

respectively. 
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PrcDultlplylng  equations  10  and  II  by  a sua  vector  of  ones  provides  us  with 
a 1 X 24  partitioned  array  of  dlrect-plus-lndlrect  sectoral  factor  Inputs, 
representing  a time  series  of  factor  supply. 

(12)  K - eK* 

(13)  A - eL* 

where  ic  ■ s 1 x 48  partitioned  vector  of  capital  inputs,  1950-1974 

* 

K > a 2 X 48  partitioned  vector  of  capital  flows,  1950-1974 

A ■ a 1 X 48  partitioned  vector  of  labor  inputs,  1950-1974 

* 

L > a 2 X 48  partitioned  vector  of  labor  flows,  1950-1974 

e - a 1 X 48  partitioned  sua  vector  of  ones. 

While  the  assumption  of  constant  Intersectoral  flow  structure  is  certainly 
unsatisfactory  for  a detailed  sectoral  breakdown,  It  Is  probably  workable 
for  the  large  aggregates  employed  here.  Moreover,  It  should  be  clearly  borne 
in  mind  that  the  factor  flow  transformations  do  not  actually  add  a new  source 
of  distortion  to  the  measurement  of  the  residual.  Changes  in  Intersectoral 
flows  are  real,  and  the  conventional  gross  output,  gross  input  approach 
rather  than  avoiding  this  difficulty  merely  covers  it  up.  Thus  in  choosing 
between  equations  3 and  4,  what  counts  is  not  the  technique  used  to  compute 
direct-plus-indirect  input  flows,  but  the  plausibility  of  the  basic  specifi- 
cations. Hots  also  the  logic  of  the  transformation.  Final  output  is 
added  to  the  diagonal  elemants  of  the  intersectoral  flow  matrix  because  the 
capital-output  ratio  for  each  sector  refers  to  gross  output  including  final 
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consumption.  Each  diagonal  element  therefore  represents  gross  sectoral 
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output  which  1b  then  convortod  Into  own  acctor  cnpltal  or  labor.  The 
Bunmatlon  down  each  coluan  thcraforc  tails  us  tha  prlaary  input  value  of 
Intamsdlate  and  final  goods.  In  terns  of  the  capital  and  labor  directly 
embodied  froa  each  originating  sector.  This  method  Is  equivalent  to 
holding  Intersectoral  relations  constant,  while  adjusting  the  prinary  Input - 
output  ratios  for  changes  In  productivity.  Since  the  voluM  and  structure 
of  both  Inputs  and  outputs  vary  serially,  the  assumption  of  a constant 
technology  matrix  cannot  ba  taken  too  literally,  and  for  this  reason  dlrect- 
plus-lndlrect  primary  Input  requlresMnts  have  not  been  computed  formally 
through  the  Inverse  method,  even  though  equations  S-13  are  precisely  equiva- 
lent to  the  Inverse  procedure  where  the  prlaury  Input -output  ratios  are 
adjusted  serially,  but  the  Inverse  Is  left  unaltered.  In  a nutshell  then, 
whenever  the  focus  of  analysis  shifts  from  a few  aggregate  variables  to 
the  Interindustry  context  In  which  they  are  embedded.  Implicit  assumptions 
of  some  dubiousness  are  bared  which  might  otherwise  not  sieat  the  light  of  day. 

Turning  our  attention  from  the  nomenclature  problem  explored  above. 

It  oust  be  recognized  that  the  choice  of  variables  affects  the  computational 
value  of  the  residual.  In  the  first  section  of  this  paper  we 
explored  the  theoretical  aspect  of  this  problem.  Concern  here  centers  on 
a more  pragmatic  choice.  Should  labor  be  measured  In  man  years  or  nan  hours? 
Selection  of  the  former  alternative  Implies  that  output  Is  Independent  of 
the  length  of  the  workweek;  selection  of  the  latter  assumes  that  output 
varies  proportionally  td.th  man  hour  Input.  Danlson  has  suggested  that  both 
assumptions  are  correct  over  different  ranges  of  the  feasible  workweek.  For 
workweeks  In  excess  of  48  hours,  a decline  In  worktime  has  no  effect  on 
output.  For  workweeks  less  than  34  hours,  the  relationship  is  one  to  one. 

The  middle  range  Is  not  entirely  symmstrlc  with  productivity  loses  Increasing 
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■ore  rapidly  after  the  40  hour  workveek  la  achieved.  If  Denlaon  la 
approximately  correct  thla  lB4>llea  that  alnce  the  Soviet  workweek  1950- 
1973  contracted  roughly  from  48  to  40  houra  the  average  decline  In 
"atandard  productivity"  labor  input  was  about  20Z  of  the  reduction  or 
3Z  in  all  ((48  houra/48  hours)  x .2  * 3.33Z).^  Soviet  conditions,  of  course, 
Bd.ght  not  correspond  with  those  of  the  developed  West,  and  for  this  reason 
we  present  two  variants  of  the  residual,  one  in  average  man  years,  the 
other  in  average  man  years  adjusted  for  changes  In  average  man  hours.  The 
Denison  productivity  adjustment  is  not  applied,  but  can  easily  be  computed 
through  Interpolation,  thereby  leaving  the  choice  of  the  "true"  labor  input 
measure  to  the  reader. 

Finally,  the  issue  of  income  share  weights  must  be  addressed.  In 

principle  the  appeal  of  income  share  weight  reposes  in  the  possibility  that 

factor  shares  might  be  proportional  to  marginal  productivities.  In  a market 

8 

context,  as  Denison  points  out  such  a supposition  is  at  least  plausible. 

In  the  Soviet  Union  however,  where  labor  value  accounting  prices  are  employed 

it  cannot  be  persuasively  argued  that  income  shares  are  proportional  to 

marginal  productivities.  Judith  Thorton's  calculations  are  Instructive  in 

this  regard  Indicating  a fall  in  labor's  share  1955-1967  from  68Z  to  47Z  of 
9 

income.  There  is  no  Western  precedent  for  such  shares.  Even  in  Japan, 

10 

labor's  share  is  69Z.  The  separation  between  shares  and  productivities 
moreover  makes  unlikely  that  the  simple  computation  of  any  particular  share 
will  be  proportional  to  productivities.  Recourse  therefore  must  be  taken 
to  computing  the  Abramowita  residual  with  a range  of  income  share  weights 
to  gauge  the  effect  of  alternative  values.  Four  sets  weights  were  chosen 
for  this  purpose:  w ■ .80,  .77,  .73,  .68,  where  w is  the  labor  share. 

These  values  correspond  respectively  to  1)  the  American  share  2)  labor's 


•har*  takan  from  tha  1966  SovlaC  I-O  tabla  maaaurad  in  producara*  prices 
3)  labor 'a  ahara  taken  from  tha  aama  tabla  in  6Z  adjuated  factor  cost  prices 
and  4)  labor's  share  again  from  the  1966  table  evaluated  in  12Z  adjusted 
factor  cost  prices.^  Tha  6Z  and  12Z  figures  used  in  variants  3 and  4 de- 
signate the  rates  of  interest  (capital  services)  applied  in  revaluing  the 
table.  Certain  coincidences  should  also  be  noted.  Variant  2 vaa  utilized 
by  Bergson  in  his  recent  productivity  study,  while  Variant  4 corresponds 
closely  with  the  Japanese  income  share  value.  Thus  each  sat  of  weights 
arbitrary  as  they  are,  possess  clear  referents  that  make  them  coitparable 
with  other  studies.  In  the  statistics  that  follow,  it  will  be  apparent 
that  all  sectors  are  evaluated  together  with  the  same  Income  share  weights. 

If  factors  in  the  Soviet  Union  earned  the  value  of  their  marginal  products 
this  would  pose  no  problem.  Since  this  is  not  the  case  it  is  possible  that 
underlying  marginal  productivities  could  vary  sectorally.  The  author  has 
no  way  of  ascertaining  whether  systematic  deviations  from  the  economywide 
marginal  productivity  standard  occurs  in  the  Soviet  Union,  but  should  the 

reader  have  some  good  hunches  data  is  supplied  which  should  permit  him  to 

12 

make  the  necessary  adjustments. 

Having  described  the  various  conventions  csq>loyed  in  the  computation 

of  the  Abramowitz  residual,  let  us  consider  the  empirical  results.  Tables 

1-3  present  average  Abramowitz  residuals  for  seven  sggregste  sectors 

end  total  Industry,  excluding  construction,  trsde,  trsnsportstion  end  communl- 
14 

cstions.  The  top  panel  of  each  table  provides  residual  statistics  computed 
from  direct  factor  use  (1)  and  direct -plus -indirect  factor  use  (2),  along 
with  corresponding  figures  for  labor  nessured  in  average  man  years  (A)  and 
average  men  years  adjusted  for  changes  in  man  hours  (B) . The  lover  panel 
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calculates  the  effect  direct-plus-indirect  fector  use  has  on  sectoral 
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rcalduals  cooparad  vltb  tba  diract  factor  uaa  atandard.  Each  of  tbaae 
tablea  tharafora  provide  tba  aaaa  inforaation,  axcapt  for  the  labor  locome 
ahara  which  ia  allowed  to  vary. 

Inspection  of  Table  1 based  on  American  income  share  weights  (w  ■ .80) 
immediately  reveals  that  the  Abramowitz  residual  is  quite  sensitive  to 
whether  direct  or  direct-plxia-indirect  income  shares  are  employed.  Two 
effects  are  discernible.  First,  the  dispersion  of  residual  values  approxi- 
mately doubles,  and  second  the  ordering  of  the  sectors  is  rearranged.  In 
particular,  the  relative  performances  of  the  chemical  and  the  machinery  and 
equipment  rise  dramatically,  while  fuels,  metals  and  construction  materials 
deteriorate.  The  order  of  the  food  and  light  industrial  sector  remsin 
unchanged  at  the  bottom  of  the  residual  listing.  Table  lb  sheds  additional 
light  on  this  process.  Chemicals  and  machinery  and  equipment  residuals 
increase  substantially  above  average  while  fuels,  construction  materials, 
metals,  light  industry  and  food  decline  in  that  order.  With  the  exception 
of  construction  materials,  the  same  pattern  holds  regardless  of  how  labor 
input  is  measured.  The  extraordinary  behavior  of  construction  materials  is 
attributable  to  an  increase  in  the  average  workweek  in  the  timber  and  paper 
sector  (aggregated  into  conmat) , whereas  the  workweek  declined  generally 
elsewhere.  Also  as  can  be  seen  without  difficulty,  the  use  of  man  hour 
adjusted  labor  increases  the  average  (industrial)  Abramowitz  residual  201 
for  the  direct,  and  17Z  for  the  direct-plus-indirect  factor  measure. 
Accepting  Denison's  statistical  evidence  this  implies  that  the  interpolated 
difference  is  only  3Z  to  4Z  %rhich  is  not  significant  enough  to  command  our 
attention.  Only  if  the  full  decline  in  labor  hours  corresponds  trltb  a 
proportional  fall  In  output  does  the  adjustment  become  really  important. 

Clearly  then  the  most  salient  aspects  of  the  Abramowitz  residuals  in  Table  1 
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ar«  their  overall  ■agnlCude  on  Che  order  of  3Z,  and  the  dlaperalonary  effect 
of  utilizing  factor  Inputs  aeasured  dlrectly-plua-lndlrectly  which  convert 
the  chenlcal  and  nachlnery  and  equipment  sectors  from  sluggish  to  rapid 
technology  intensive  growth  nodes  of  the  national  economy. 

Tables  2 and  3 Cell  much  the  aame  atory.  However,  as  the  capital  share 
rises,  the  productivity  residual  declines.  This  phenomenon  reflects  the 
fact  Chat  annual  capital  stock  growth  Is  more  rapid  than  labor  growth,  so 
that  the  higher  the  greater  Che  net  subtraction  from  unexplained  output 
growth  . Using  the  industry  average  as  the  bench  mark,  a 60Z  Increase 

In  capital's  share  from  .20  to  .32,  diminishes  the  residual  approximately 
27Z.  Technical  progress  Instead  of  averaging  3Z  per  annum  averages  closer 
to  2Z  using  12Z  adjusted  factor  cost  Income  share  weights.  This  effect  is 
clearly  greater  than  the  choice  of  factor  Input  measure  or  the  specification 
of  the  labor  variable.  Moreover,  Its  impact  on  the  dispersion  between 
Abramowltz  residuals  computed  from  direct  as  opposed  to  dlrect-plus- 
indlrecC  factor  Inputs  Is  marked.  Whereas  the  range  separating  the  chemical 
from  the  light  Industrial  residual  was  2 to  1 In  Table  lb,  column  A,  It  is 
3 to  1 In  Table  3b,  column  A.  This  suggests  that  If  adjusted  factor  cost 
values  really  do  reflect  scarcity  relatives  better  than  producers'  values, 
the  pattern  of  sector  productivity  growth  in  the  Soviet  Union  Is  substan- 
tially masked  by  conventional  use  of  direct  factor  Inputs  and  producers' 
IncoM  shares.  The  differences  In  magnitude  entailed  are  significant  and 
will  certainly  affect  any  appraisal  of  relative  Soviet  performance.  Table  4 
which  compares  the  conventional  measure  using  Bergson  weights  and  the  12Z 
adjusted  factor  cost  variant,  computed  from  dlrect-plus-lndlrect  factor 
Inputs  with  labor  adjusted  for  changes  In  man  hours,  subject  to  the  Denison 
correction,  SMkes  this  point  manifest.  On  one  view,  there  is  little  sector 

differentiation  in  productivity  residuals  with  technological  progress 
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centered  is  the  non-egrerlan  primary  products  industries;  on  the  other 


technologies!  progress  is  unevenly  distributed  among  the  sectors,  with  the 
tertiary  goods  sector  serving  as  the  leading  edge  of  growth. 

This  impression  is  enriched  by  considering  Tables  3-13  where  Che 
Abramowicz  residuals  are  arrayed  according  to  an  historical  periodization 
suggested  by  Donald  Green,  Instead  of  the  24  year  averages  reported  above. 
(Similar  tables  based  on  sis^^le  five  year  averages  are  also  provided  In 
Appendix  A2.1.)  Consider  Table  5 in  particular,  which  contrasts  the 
vertically  integrated  with  the  conventional  sectoring,  valued  in  adjusted 
factor  cost  and  producers'  prices  respectively.  Notice  first  that  the 
rate  of  residual  growth  has  not  been  constant  over  time.  Looking  at 
industry  as  a whole  a u-shaped  pattern  is  discernible  with  a trough  in  the 
period  1939-63,  followed  by  a recovery  1968-73  to  approximately  62Z  of  the 
193C-38  level.  The  industry  average  however  disguises  some  iiq>orCanc  sub- 
trends. On  an  adjusted  factor  cost  basis  the  chemical  residual  is  constant 
throughout,  vertically  Integrated  but  it-shaped  on  the  narrower  direct  input 
measure.  Ketals  decline  generally  on  a vertically  Integrated  adjusted 
factor  cost  basis,  while  the  light  and  food  Industries  follow  an  erratic 
course.  On  the  whole  the  conventional  measure  exhibits  the  u-shaped  pattern 
whereas  the  behavior  of  the  vertically  integrated  adjusted  factor  cost 
residuals  are  more  diverse.  Clearly,  residual  studies  employing  these 
alternative  measures  will  produce  divergent  interpretations  of  the  pattern 
of  Soviet  technological  progress,  each  with  their  own  special  analytic 
meaning. 

ITie  nomenclature  issue  aside,  however,  two  general  points  of  interest 
are  discernible  for  all  measures.  First,  the  Soviets  have  managed  to  shore 
up  flagging  technological  progress  during  the  Brezhnev  years.  Second,  since 
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growth  rat«a  C«ad«d  to  docilno  ■odostly  during  this  poriod  th«  docllnos  are 
•ttrlbuteble  to  reduced  retee  of  prlaery  factor  Input  growth.  It  la  in- 
teresting to  epeculate  whether  these  phenoaena  night  be  Interrelated.  For 
the  moment  however,  the  reader  is  urged  to  peruse  Table  6-13  (and  auaniary 
Table  A2-1  in  Appendix  A2.1  based  on  etandardixed  five  year  time  periods), 
which  afford  additional  Insights  into  the  residual  problem  before  we  proceed 
to  an  assessment  of  the  relative  iiq>ortancc  of  various  elements  within  the 
residual  itself. 
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TABLE  la 


Abramowitz  Residuals  (w  > .80) 
1950-1973  Average 


I 

I 


r 


t 


Direct  Faci 

(1) 

tor  Use 

Direct  Plus 
Factor 
(2) 

Indirect 

Use 

L 

B 

A 

B 

1. 

Fuels 

3.46 

4.05 

1. 

Chemistry 

4.80 

5,39 

2. 

Metals 

3.26 

3.87 

2. 

Machinery  and 
Equipment 

3.57 

4.17 

3. 

Conmat 

3.06 

3.50 

3. 

Fuels 

3.26 

3.86 

A. 

Machinery  and 
Equipment 

3.00 

3.59 

4. 

Industry 

2.95 

3.53 

5. 

Industry 

2.89 

3.48 

5. 

Metals 

2.80 

3.41 

6. 

Chemistry 

2.85 

3.44 

6. 

Conmat 

2.71 

3.25 

7. 

Food 

2.77 

3.18 

7. 

Food 

2.19 

2.69 

8. 

Light 

2.49 

3.06 

8. 

Light 

2.04 

2.62 

A ■ Abramowitz 

Residual:  labor 

in 

man 

years 

B ■ Abramawltz  Residual:  labor 
in  man  hours . 

In 

man 

years  adjusted 

for  changes 

TABLE  lb 

Effect  of  the  Full  Factor  Input  Measure 

On  Abramowitz  Residuals:  w > .80 
(Column  2/Column  1) 

SECTOR 

A 

B 

1. 

Chemistry 

1.68 

1.56 

2. 

Machinery 

and  Equipment  1.19 

1.16 

3. 

Industry 

1.02 

1.01 

4. 

Fuels 

0.94 

0.95 

5. 

Conmat 

0.89 

0.93 

6. 

Metals 

0.86 

0.88 

7. 

Light 

0.82 

0.85 

8. 

Food 

^2  0-79 

0.86 

TABLE  2a 
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Abramowltz  Residuals  (w  • .77} 
1950-1973  Average 


Direct  Factor  Use  Direct  Plus  Indirect 

Factor  Use 

(1)  (2) 


A 

B 

A 

B 

1. 

Fuels 

3.25 

3.82 

1. 

Chemistry 

4.58 

5.16 

2. 

Metals 

3.03 

3.61 

2. 

Machinery  and 
Equipment 

3.40 

3.97 

3. 

Machinery  and 
Equipment 

2.87 

3.44 

3. 

Fuels 

3.05 

3.63 

4. 

Conmat 

2.83 

3.25 

4. 

Industry 

2.75 

3.31 

5. 

Industry 

2.69 

3.26 

5. 

Metals 

2.59 

3.17 

6. 

Chemistry 

2.61 

3.18 

6. 

Conmat 

2.49 

3.01 

7. 

Food 

2.57 

2.96 

7. 

Food 

1.99 

2.47 

8. 

Light 

2.29 

2.85 

8. 

Light 

1.84 

2.40 

A « Abramowltz  Residual:  labor  in  man  years 

B * Abramowltz  Residual:  labor  in  man  years,  adjusted  for  changes 
in  man  hours 


TABLE  2b 


Effect  of  Full  Factor  Input  Measure 
On  Abramowltz  Residuals  (w  > .77) 
(Column  2/Column  1) 


SECTOR  A B 


1. 

Chemistry 

1.75 

1.62 

2. 

Machninery  and  Equipment 

1.18 

1.15 

3. 

Industry 

1.02 

1.02 

4. 

Fuels 

0.94 

0.95 

5. 

Conmat 

0.88 

0.93 

6. 

Metals 

0.85 

0.88 

7. 

Light 

43 

0.84 

8. 

Food 

0.77 

0.83 

TABLE  3a 


Abramowltz  Residuals  (w  ■■  .68) 
1950-1973  Average 


Direct  Factor  Use  Direct  Plus  Indirect 

Factor  Use 

(1)  (2) 


A 

B 

A 

1. 

Fuels 

2.61 

3.11 

1. 

Chemistry 

3.94 

4.45 

2. 

Machinery  and 
Equipment 

2.48 

2.98 

2. 

Machinery  and 
Equipment 

2.86 

3.37 

3. 

Metals 

2.33 

2.85 

3. 

Fuels 

2.42 

2.94 

4. 

Comsat 

2.12 

2.50 

4. 

Industry 

2.16 

2.65 

5. 

Industry 

2.07 

2.57 

5. 

Metals 

1.95 

2.46 

6. 

Chemistry 

1.87 

2.37 

6. 

Conmat 

1.84 

2.30 

7. 

Food 

1.96 

2.31 

7. 

Food 

1.37 

1.80 

8. 

Light 

1.71 

2.20 

8. 

Light 

1.23 

1.73 

A - Abramowltz 

Residual:  labor 

In  man 

years 

B - Abramowltz  Residual:  labor 
In  man  hours 

in  man 

years  adjusted 

for  changes 

SECTOR 

TABLE  3b 

Effect  of  Full  Factor  Input  Measure 

On  Abramowltz  Residuals  (w  * .68) 
(Column  2/Coluinn  1) 

A 

B 

1. 

Chemistry 

2.11 

1.88 

2. 

Machinery  and  Equipment  1.15 

1.13 

3. 

Industry 

1.04 

1.03 

4. 

Fuels 

0.98 

0.95 

5. 

Conmat 

0.87 

0.92 

6. 

Metals 

0.84 

0.86 

7. 

Food 

0.72 

0.78 

8. 

Light 

44  0.70 

0.79 
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TABLE  4 


AbrcBovltz  Rctlduals 
1950-1973  Average 


SECTOR 

Direct  Factor 
(labor  in  man 
w - .77 

Vse 

years) 

SECTOR 

Dlrect-Plus-Indlrect  L'se 
(fully  adjusted  labor) 
w ■>  .68 

1. 

Fuels 

3.25 

1. 

Chemistry 

4.04 

2. 

Metals 

3.03 

2. 

Machinery  and 
Equipment 

2.96 

3. 

Machinery  and 
Equlpcient 

2.87 

3. 

Fuels 

2.52 

4. 

Concat 

2.83 

4. 

Industry 

2.26 

5. 

Industry 

2.69 

5. 

totals 

2.05 

6. 

Cheaistry 

2.61 

6. 

Conmat 

1.93 

7. 

Food 

2.57 

7. 

Food 

1.46 

8. 

Light 

2.29 

8. 

Light 

1.33 

The  Denison  productivity  conpensstion  effect  Is  computed  ss  202  of  the 
difference  between  entries  in  coliums  A and  B in  Table  3a.  See  pages 
8-9,  Chapter  11  for  a more  detailed  explanation. 
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Abra«owlts  Resldaals 
Diverse  Periods  (12Z  Adjusted  Factor 
Cost  and  the  Conventional  Variants) 


TABLE  e 


Abraaevlcc  ■••Idual  («  • .77) 
DlvarM  Pcrlodi : Direct  Plus  ladlrtct 
Fector  Ua«  (Labor  in  Man  Taart) 


SECTOR 


MACBDIERr  AND 


PERIOD 

CHEMlSTKy 

EOLTPMDTr 

FUELS 

INDUSTRY 

METALS 

CONMAT 

FOOD 

LIGHT 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

1950-58 

4.47 

4.42 

3.90 

4.06 

3.97 

4.69 

3.53 

3.95 

1959-63 

4.40 

2.62 

1.40 

2.05 

0.36 

0.32 

-1.50 

1964-67 

4.77 

1.52 

1.61 

1.59 

1.82 

1.00 

1.54 

1.76 

1968-73 

4.77 

3.76 

3.08 

2.69 

1.49 

1.97 

1.35 

1.51 

c 
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TABU  7 


Abraaovlct  ■••Idual  («  > .66) 
Diver**  F*rlod*:  Direct  Plu*  Indirect 
Factor  Ua*  (Labor  in  Kao  Tears) 


SECTOR 


MACHINERY  AND 


PERIOD 

CHEMISTRY 

EOtlPMENT 

FUELS 

INDUSTRY 

METALS 

CONMAT 

FOOD 

LIGHT 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

1950-58 

3.84 

3.92 

3.28 

3.48 

3.31 

4.03 

2.91 

3.41 

1959-63 

3.68 

2.04 

1.97 

0.74 

1.33 

-0.42 

-0.39 

-2.20 

1964-67 

4.22 

1.07 

1.12 

1.10 

1.31 

0.49 

1.09 

1.22 

1968-73 

4.12 

3.16 

2.39 

2.06 

0.84 

1.34 

0.72 

0.84 

t4BLE  8 


Abraaowicc  lAaiduAl  («  ■ .77) 

Dlv«r*«  Parloda:  Dlract  ?lua  Indlract  Factor  Oat 
(Labor  in  Han  Taara  Adjuatad  for  Chantoa  la  Man  Boura) 


SECTOR 


MACBIKERY  AMD 


PERIOD 

CHEMISTRY 

EOUIPMEST 

INDUSTRY 

FUELS 

CONMAT 

FOOD 

LIGHT 

METALS 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

1950-58 

5.30 

5.11 

4.70 

4.88 

5.31 

4.01 

4.42 

4.92 

1959-63 

5.U 

3.65 

2.62 

3.54 

1.60 

1.85 

0.04 

2.75 

1964-67 

4.62 

1.52 

1.59 

1.57 

1.04 

1.56 

1.74 

1.81 

1968-73 

4.71 

3.70 

2.62 

2.99 

1.76 

l.U 

1.53 

1.50 

XULE  9 


JbraaowltB  Baaldual  (w  • .(8) 

UvarM  ?«rloda:  Dlracc  Flu*  Indirect  Factor  Do* 
(Labor  la  Mao  Yaara  Adjuatod  (or  CbaDgca  la  Man  Boura) 


SECTOR 


MACHINERY  AMD 


FERIOD 

CHEMISTRY 

EOUIPMEMT 

INDUSTRY 

FUELS 

CONMAT 

FOOD 

LIGHT 

KETA1.S 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

1950-56 

4.57 

4.52 

4.04 

4.15 

4.59 

3.33 

3.82 

4.16 

1959-63 

4.31 

2.97 

1.83 

2.79 

0.69 

0.98 

-0.82 

1.97 

1964-67 

4.08 

1.08 

1.11 

1.10 

0.53 

1.12 

1.21 

1.31 

1968-73 

4.08 

3.11 

2.00 

2.31 

1.17 

0.52 

0.86 

0.86 

UMLL  10 


Abraaovltx  ■••Idualt  (v  • .77) 
Dlvcra*  Periods:  Direct  Pacter  Use 
(Labor  la  Man  Years) 


PERIOD 

FUELS 

METALS 

MACHINERY  AND 
EQUIPMENT 

(1) 

(2) 

(3) 

1950-58 

3.37 

4.65 

4.38 

1959-63 

3.51 

1.54 

1.65 

196A-67 

1.94 

2.42 

0.92 

1968-73 

3.71 

2.24 

2.92 

SECTOR 


C0N>lAT 

INDLSTKY 

OlEKISTRY 

FOOD 

LIGHT 

(4) 

(5) 

(6) 

(7) 

(8) 

4.32 

3.92 

3.57 

4.56 

4.52 

1.00 

1.36 

-0.16 

0.43 

-0.45 

2.22 

1.61 

2.17 

1.52 

1.66 

2.52 

2.67 

3.75 

2.05 

1.65 

k 


f 
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XABL£  II 


Abraaowlti  l•■lduAl•  (w  • .68) 
Dlvara*  Farioda:  -filract  Factor  Uaa 
(Labor  la  Man  Taara) 


SECTOF 


MACUIKERY  AND 


FERIOD 

FLELS 

METALS 

EQUIPMENT 

CONMAT 

INDUSTRY 

CHEMISTRY 

FOOD 

LIGHT 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

1950-58 

2.77 

3.96 

4.11 

3.57 

3.26 

2.91 

3.96 

4.12 

1959-63 

2.87 

0.64 

1.29 

0.04 

0.69 

-1.15 

-0.34 

-1.13 

1964-67 

1.44 

1.87 

0.53 

1.72 

1.13 

1.44 

1.14 

1.07 

1968-73 

2.92 

1.62 

2.34 

1.96 

2.04 

3.12 

1.45 

0.90 

1 

I • 
I 


r 
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tABU  12 


Abraaovlcc  l••lduAl  (v  • .77) 

Uvarca  Parloda ; Dlract  Factor  Oac 
(Labor  is  Mao  Yaara  Adjuacad  for  Changaa  in  Mas  Hours) 


SECTOR 


MACHINERY  AKD 


PERIOD 

RTLS 

METALS 

lOUlPMENT 

INDUSTRY 

CHEMISTRY 

POOD 

LIGHT 

COKMJ'.T 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

1950-58 

4.67 

6.10 

5.24 

4.75 

5.03 

4.87 

4. 88 

4.96 

1959-63 

3.85 

1.60 

2.76 

2.47 

-0.25 

2.35 

1.41 

2.48 

196A-67 

1.80 

2.43 

0.92 

1.74 

2.13 

1.55 

1.67 

2.22 

1968-73 

3.56 

2.34 

2.99 

2.69 

3.94 

1.56 

1.78 

2.02 
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tABLE  13 


Abraaevltx  iMlduAl  (w  > .(8) 

DlwrM  Parloda:  Direct  Factor  Uoe 
(Labor  io  Man  Yaars  Adjuatad  for  Chaegaa  In  Mao  Boura) 


SECTOR 


MACHINERY  AND 


PERIOD 

FUELS 

METALS 

EQUIP  ME.N'T 

INDUSTRY 

CHEMISTRY 

FOOD 

LIGHT 

C0.S>-JVT 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

1950-58 

4.10 

5.24 

4.87 

4.01 

4.20 

4.23 

4.44 

4.14 

1959-63 

3.17 

0.69 

2.27 

1.67 

-1.23 

1.36 

0.52 

1.34 

1964-67 

1.32 

1.88 

0.53 

1.24 

1.40 

1.15 

1.06 

1.72 

1968-73 

2.79 

1.70 

2.39 

2.05 

3.29 

1.01 

1.02 

1.52 
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A2.1 


For  thos*  iBtorostod  in  how  coa^uCod  Abraaovlcx  Koalduala  aro  affocted 
hy  the  perlodlxacion  acheM  adopted  la  Chapter  11,  auanary  table  A2-1  ie 
provided  here  as  a atandard  of  coKparlaoo.  Table  A2-1  la  identical  to 
Table  3 in  every  vay  except  that  equal  quinquennia  aubatitute  for  the 
hlatorical  acbcDe  auggested  by  Donald  Green.  Quinquennial  counterparts 
of  Tablea  6-13  have  alao  been  calculated  and  arc  available  froE  the  author 
on  request. 
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Abramovltz  Residuals 
5 Year  Averages  (12Z  Adjusted  Factor 
Cost  and  the  Convention  Variants) 
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Chaptar  II 
Motes 


1.  The  residual  epproeeb  hes  baeo  %fldely  used  In  one  fore  or  eaothcr  in 
resesreb  on  the  Soviet  econoay.  For  cxeaplc  see  Abraa  Bergson, 
"Productivity  Voder  Two  Systees:  The  USSR  end  the  Vest"  in  J. 
Tinbergen,  A.  Bergson,  T.  Mechlup  end  0.  Morgenetem,  Optinua  Social 
Vnlfare  end  Productivity:  A Conpsrstive  View,  (Bernes  and  Noble,  hev 
York,  1972)  and  Bergson,  Soviet  Post-Wsr  Econonic  Developaent.  The 
Vicksall  Lectures  1974,  (Alaqvist  and  Wiksell,  Internet  ion,  Stockholn, 
1974).  Outside  of  Che  Soviet  specialty,  the  residual  technique  has 
been  aost  elaborately  developed  by  Edvard  Denison.  Bee  Edvard  F. 
Denison,  The  Sources  of  Econonic  Crovth  in  the  United  States  end 

the  Alternatives  before  Us.  Supplementary  Paper  No.  13  (Cosaittee 
for  Econonic  Developnsnt,  Mew  York,  1962)  and  Why  Growth  Kates  Differ. 
(Brookings,  Washington.  1967).  Also  Robert  Solow,  "Technical  Change 
and  Aggregate  the  Production  Function,"  Beviev  of  Econonics  end 
Statistics . Vol.  39,  August  1957,  312-20. 

2.  Itoses  Abraaovicz,  "Basource  and  Output  Trends  in  the  United  States 
Since  1870,"  Papers  and  Proceedings  of  the  Anericen  Econonic 
Assocletion,  Vol.  46,  May  1956,  5-23;  Abraaovlts,  "Econonic  Cro«/th 
in  the  United  States,"  Anericen  Econonic  Review.  Ul,  1962,  762-82. 

3.  For  interpretation  and  developnsnt  of  these  ideas  see  John  Kendrick, 
Productivity  Trends  in  the  United  States.  National  Bureau  of  Econonic 
Research  (Princeton  U.P.,  1961)  end  Evsey  Doner.  "On  Total  Productivity 
and  All  of  That,"  Journal  of  Political  Econony.  Vol.  70,  Decenber  1962, 
597-608. 

4.  Robert  Solow,  "Technological  Change  axtd  the  Aggregate  Production 
Function."  Review  of  Econonics  end  Statistics.  Vol.  39,  August  1957, 
312-20;  Solow,  "A  Skeptical  Note  on  the  Constancy  of  Relative  Shares," 
Anar lean  Econonic  Review.  Vol.  48,  1958,  618-31;  Hebert  Levine,  "A 
y««ll  Orohlen  in  the  Analyeis  of  Growth,"  Review  of  Econonics  and 
Stetistice.  Vol.  44,  August  1962,  330-2. 

5.  If  factors  actually  earned  the  value  of  their  nerginal  products  the 
distinction  here  is  trivial  since  the  incone  share  would  be  the 
product  8Y/3K  * Y/K  or  9Y/dL  • Y/L.  The  Abrsnovits  specification  is 
slightly  weaker  than  Solov's. 

6.  In  the  vast  sajority  of  ceeee  the  differences  are  less  than  12. 

7.  Danleon.  Why  Crovth  fates  Differ.  (Brookings,  Veshington,.  1967),  60-1. 
At  th.  40  hour  workweek  a slight  reduction  la  houra  results  in  a 402 
productivity  offset.  Dsts  for  other  Vest  European  countries  are  also 
provided. 

•.  Denison,  ibid.  S3-44. 
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f.  Judith  Thorntoo,  **V«lu*  Addud  sad  Factor  FroductlTlty,**  ^otIcad 
IcoBoaic  Ipylow.  Vol.  $0,  Dacaabar  1970,  163-871. 

10.  Abraa  Bargaoa,  Scvlat  Foat-War  tcoBoalc  Pavalopaant . Vlekaall  Lacturcs 
1974  (Alaqviat  and  Wlkaall,  Xacarnaclonal , Stockhola,  1974).  The 
Japanaac  labor  aharc  was  coaputad  froa  Tablaa  2 and  4,  pagaa  69-70  as 

a)  « . 1 - 


(dK/dp/dt 

K/l 


■ Raal  national  incoac  par  amployad  worker 


Real  national  incoae  per  aaployad  worker, 
adjuated  for  capital  acock  growth 

• Entcrpriae  fixed  capital  atock  per  anployed 
worker. 

Notice  chat  the  labor  ahare  is  derived  fron  the  Solow  equation  for  the 
growth  raaidual. 

11.  Bergaon,  ibid.  Roaafielde,  The  Transformation  of  the  1966  Soviet  Input- 
Output  Table  from  Producers*  to  Adjusted  Factor  Cost  Value.  (TDIPO, 
Washington,  1975),  CE75  THP-47. 

12.  The  CES  production  function  aatlsates  diacuaaed  in  Chapter  XII  however 
do  auggeat  that  the  aaaunption  of  tranaectoral  aarginal  productivity 
equivalence  ia  ill  founded. 

13.  The  data  uaed  throughout  this  aCudy  ia  Stanley  Cohn'a  capital  atock 
seriea  (1970),  S.  Rapasry'a  asploynent  aeries  (1975)  and  the  Creenslade- 
Robertaon  output  aeriea  all  supplied  by  Donald  Green  from  the  SRI  data 
bank.  The  series  enploynent  in  nan  years,  adjuated  for  changes  in  nan 
houawas  derived  for  two  separate  Rapawy  aeries,  the  first  providing 
■an  years,  Che  aecond  annual  enploynent  per  worker. 

14.  The  onitted  sector a can  easily  be  incorporated  in  any  extension  of 
this  basic  research. 


where 

(dY/dP/dt 

T/L 

dR/dt  ^ 

R 

(dK/dt)/dt 


TECHNICAL  PIOGEESS  AND  THE  UELASTICm 
or  SOVIET  FACTOR  SUISTITUIION 


A.  Th«  Cro«fth  Residual 

Ob  the  basis  of  the  coavaoclooal  Solow-Abraaovitz  MCbodology  eaployed 

in  the  preceding  chapter,  it  sight  be  inferred  that  Soviet  postvar  sectoral 

acoDoaic  growth  vaa  largely  inputable  to  an  unexaaioad  productivity 

residual,  loosely  construed  as  technical  progress.^  Denison,  aaong  others 

however,  has  stressed  that  strictly  speaking  technical  progress  is  only  a 

2 

ssall  cooponent  of  residual  growth.  Luaped  together  under  the  rubric  of 
technical  progress  are  an  iaproved  conposition  of  the  capital  stock,  in- 
creased educational  attainaent,  deaographic  variations,  changes  in  the 
character  of  abstract  technology,  the  influence  of  returns  to  scale  and 
the  elasticity  of  factor  substitution.  Each  of  these  factors  in  part  con- 
tribute to  the  residual.  Their  aeasureaent  however  is  not  invariant  to  the 
functional  fora  eaployed  initially  to  estiute  the  residual  itself.  For 
exaaple,  the  Solow-Abraaowitz  residual  assuaes  a unitary  elasticity  of 
substitution,  and  constant  incoae  factor  shares  across  sectors.  If  cither 
of  these  assuaptions  is  false,  then  coaputed  residuals  nay  diverge  from 
their  true  values. 

In  this  chapter  vc  sttcapt  to  isolate  technological  progress  from 
other  obscuring  aspects  of  the  SolowAbraaowits  residual.  In  particular, 
sttention  is  focused  on  the  role  plsyed  by  the  elasticity  of  substitution 
In  effecting  the  neasureaent  of  technical  progress.  The  specification 
chosen  for  this  purpose  is  s logarithaic  variant  of  the  CES  fora  adopted 
hj  Vcitsaan  in  his  study  of  aggregate  postwar  Soviet  industrial 
froduction.^ 


C 
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a)  l«Y(t)  - loY  ♦ At  - i lnl«ic(t)'**  ♦ (l-«)L(t)'*’) 

Tb«  output  T of  Mch  ooctor  !•  otlpulatod  to  bt  • fimctloo  of: 

Y * so  •fflcloDCy  ocol*  poroMttr 

A • ao  «Jcpon«ntlal  rat*  of  aactoral  growth  aaiuaiog  HlcLs  neutral 
tachoical  change 
t ■ tlaa 

p • a factor  aubstitution  paraoatar  ralatad  to  th*  alaaticlty  of 
factor  aubatitution  O ■ 1/1  4 p,  and  p • (1  - o)/c 
6 • tha  capital  lotanaltj  paraaater 
K ■ capital 

1-6  • th*  labor  Intonsity  parancter 
L * labor  . 

The  brackated  tern  (t)  indlcatea  that  tha  data  pertain  to  tine  aerie*  rather 
than  croa*  aactlonal  obaervatlons.  Although  equation  (1)  nay  appear  unuaually 
conpllcated.  It  la  cloaely  akin  to  the  faslllar  Cobb-Douglaa  form,  vhlch 
conatltutea  the  apeclal  CES  case  where  the  elasticity  of  factor  substitution 

4 

is  unity  (o«l), 

. 1 

(2)  y - (i-6)l"'^j  p 

lfo-1,  orp»--l»0  . 

o 

Thus  tha  CES  apaclflcstlon  has  the  double  virtue  of  subaualng  the  conventional 
(obb-Oouglas  type  while  at  the  sane  tine  enconpasaing  all  of  tha  aapacta  of 
abstract  tachnology  diacusaed  in  Chapter  X. 

The  particular  aaprasalon  presented  in  equation  (1)  is  not  tha  only 
possible  CES  fom.  li  technical  progress  were  anticipated  to  bs  Harrod 

•autral  the  alternative  specification 

.1 

T - 4 (l-eXa^Lr**) 


4 


(3) 


>uld 


■Md  attrUytiat  all  tiM  talat  froa  cachalcal  fragraaa  to  labor^ 

(*)  rU.L.t)  - ClK,A(t)L]  . 

Liktwlsa,  if  cachnicAl  progryss  war*  bi*»*d  asd  factor  augaaotlng  the  fore 

1 

(5)  Y -Yl(a(t)K)'^  ♦ (6(t)L)"'’j  P 

g 

sight  b*  utlllxad.  If  ratunt*  to  acal*  aaaa  iaportaot,  a apaclal  parawter 
could  b*  latroducad  to  account  for  its  lapact.^ 

V 

(6)  T - ya^^ldK”^  4 (1-6)1"^]  ^ 

V - v(0  . . . , . 

Notic*  that  all  that*  TariantSt and  ethers  as  wall,  praauas  that  the 
cooposltion  of  tha  capital,  labor,  and  output  aggragataa  raaain  constant. 

If  this  prasuaption  Is  false,  adjuataents  will  ba  roquirad  on  the  data 
itself.  In  attaapting  to  isolate  the  asgnitude  of  doasstic  tachnical 
progress  in  the  strict  sense  therefore,  it  is  not  enough  asrelp  to  choose 
the  correct  functional  fora.  The  data  aust  ba  consistently  defined  and 
classifiad  in  a aannar  that  accurately  reflects  tha  production  process. 

Given  the  tiae  constraints  placed  on  this  present  study,  a conprehensive 
isveatigatioo  of  all  data  aats  for  all  plausible  specifications,  for  every 
sector  vas  decaed  infeasible.  As  vlll  soon  be  clear  however,  the  Bicks 
aoutral  specification  (aquation  (1))  in  conjunction  with  the  special  Cobb- 
bougies  case  (equation  (2))  provide  a good  starting  point  for  the  systeaatic 
iavestlgatloo  of  postwar  sectoral  Soviet  aconoaic  growth.*  Lika  the 
preceding  chapter,  statistics  will  he  presented  based  on  altamative 
classifications  of  arigiaatiag  ssetors  for  capital  and  labor.  Although  an 
adjusted  labor  input  aariss  was  also  cosputad.  Chase  results  have  been 
aupprassod  baeause  of  Chair  Aubious  chaoretical  aarlt  and  their  generally 
inferior  statistical  aharactaristics.* 


B.  BatiMtloe  of  Ch*  CSS  ProducCloa  FuBctlOD 

Equation  (1)  waa  aatlaatad  vich  a two  atat*  liaaar,  ■on-llaaar  procadure. 

This  stratofy  was  proceed  by  tha  atarti&t  point  problaa.^^  Aa  Euaar  and 

Aaher  hava  shown,  tha  paraaacrlc  astlaatas  obtalnad  froa  a non-llnaar 

ragrasslon  often  dapand  on  tha  initial  valuas  spaciflad  in  starting  the 

saarch  procass.  Thcrafora  it  is  dasirabla  to  find  sobs  device  that 

efficiently  selects  starting  values  likely  to  globally  BiniBiaa  the 

logarithmic  sum  of  squared  rasuduals.^^  A priori  conaidarations  are  of 

some  help.  Meaningless  values  trhich  violste  the  assumptions  of  production 

theory  such  as  6 > 1,  6 < >1  (i.e.  o < 0)  can  be  easily  alialnatad.  However, 

a great  deal  of  latitude  remains  and  a complementary  technique  suggested  by 

12 

Ementa  has  been  adopted.  In  the  first  stage  ordinary  least  squares 
regression  la  amployad  to  estimate  the  linear  approximation  of  equation  (1), 

(7)  lnlY(t)/L(t)]  - Iny  + It  + 6ln[K(t)/L(t) ] 

- j p6(l-6){lnlK(t)/L(t)]}^ 

A A A 

The  OLS  estimates  T,  1,  d and  p are  then  used  as  the  initial  values  for  the 

non-linear  estimation  of  equation  (1).^^  This  technique  worked  exceedingly 

veil  in  a test  case  that  replicated  Veltzman's  estimates  for  the  aggregate 

14 

postwar  Soviet  Industrial  production  function.  In  the  main,  they  proved 
useful  once  again  at  the  sectoral  level,  although  they  tended  to  under- 
.estlaate  p substantially  when  the  elasticities  of  factor  substitution  were 
extremely  low.  As  a check  alternative  starting  values  were  selected  in 
various  Instances,  none  of  which  coxinter^indicated  the  Xments  approximation. 
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C.  The  Sectoral  Charactor  of  Seviac  Foatvar  Freduccloo:  Tha  BeuCral 

CES  Caaa 

Tablaa  1 aad  2 praaast  •oo'llMar  ^Macrlc  aAtiaataa  •£  tka  akatract 
characcar  of  tevlac  aacteral  tachaolegy  for  aaaan  brMchaa  af  Cka  aatloaal 
aconomy.  An  agtragate  laduacrlal  aaaaurc  la  alao  provldad  ie  two  aarUnta. 

Che  first  uaing  coovaotlonal  valua  added  valghca,  tha  aacood  direct -plus- 
indirect  adjuatcd  factor  coat  weights  derived  froa  as  input-output  algorlthe.^ 
The  aecond  ia  Che  coocaptually  praf arable  aaaaura.  Table  1 la  baaed  on  the 
vertically  integrated  claaalfication  of  aactoral  inputs  where  all  capital  and 
labor  regardlaas  of  their  neninal  sector  of  origin  arc  attributed  to  the 
aactor  of  final  product  delivery.  Table  2 reflects  traditional  aactoring 
where  factors  arc  classified  by  originating  aactor.  As  was  argued  ia  Chapter  2 
the  fomcr  classification  batter  accords  with  tha  eoMon  aanaa  conception  of 
all  delivered  final  goods  as  a complete  product  representing  the  value  added 
ouB  of  inputs  at  all  stages  of  production,  as  opposed  to  the  altamativc 
apeclficstlon  where  the  product  is  created  in  terns  of  the  intrasectoral 
"asseBblege"  value  added.  Since  the  preferability  of  these  naaauras  binges 
on  the  analytical  issues  in  question,  both  types  of  data  arc  antployad  here 
for  purposes  of  cosperison.^^ 

It  is  readily  apparent  even  on  casual  inspection  that  tha  eactorlrg 

2 

convention  chosen  has  little  gystccatlc  iaportancc.  Tha  K 'a  in  Table  1 
in  nose  cases  exceed  those  of  Table  2 by  a snail  cargin,  however  a striking 
inelasticity  of  factor  substitution  characterises  both  oats  of  results. 

Tha  najor  superiority  achieved  by  Che  vertically  Integrated  aactoring  schane 
occurs  in  tha  sMchiaary  and  oquipnent  sector.  Using  the  traditional  sector 
classification  no  aat  of  best  parsnatric  ostinates  can  ka  found  baeaxise  the 
■Ininisatioo  routiaa  generates  factor  Intensity  faranatars*  f > !•  along 
with  aagativa  waluao  for  tha  alaaticity  of  factor  anbstltution.^^  Since 
factor  ai^stitation  alasticitias  are  dafinod  over  tha  range  sore  to  infinity, 
■agative  waluas  of  O ora  Maalagleas.  Xha  aaoa  problaa  ooorgas  la  tha  light 


iBdustrlal  Meter.  Orerell,  with  the  •Bce^tieM  Mted,  the  CIt  efecllUetle 

Tlelde  etetletlcelljr  eiteiflcent  eetiaetee  ef  the  eerteue  yereMtere  et  the 

.§5  pereenc  eeofidcnce  level,  eutteecleg  thee  prevleue  etudlee  .ee^heelxlng 

the  role  pleyed  by  the  eleeticicy  ef  eubecituclon  in  the  reterdetion  of 

iovlec  economic  growth  were  not  only  accurate  in  the  eggregete,  hut  ic 

18 

sector  deteil  ae  veil. 

Regarding  relative  ratee  of  technical  progreea  among  eoctore.  Table  3 
iadicatea  that  the  perticular  eeuf igurationa  ef  abatract  technology  In  each 
sector  alter  growth  reaidual  rank  orderinga  by  branch.  While  the  range  end 
magnitude  of  the  growth  reaiduala  remain  much  the  asme,  the  relative  per- 


formance of  the  sectora  variea  eonaiderably.  Clearly,  relative  sectoral 

efficiency  dependa  on  the  special  charactcriatics  of  abatract  technology 

19 

prevailing  in  each  sector. 

This  last  point  la  dramatically  deaonatrated  by  comparing  the  capital 
and  labor  income  ahares  implied  by  the  CES  eatimates  with  those  imposed  on 
the  Solow-Abrsmowiti  residual  analysis.  Income  shares  in  the  CES  world  are 
computed  from  appropriate  marginal  factor  productivities  and  factor  output 
ratios. 

(8)  6j(t)  • *Y  "Sx 


or  more  specifically, 

I 

(9)  e^(t)  - «Y‘V^^‘<Y(t)/IC(t))®  (Y(t)/lC(t))“^ 

• ^-Ps-^Pt(^(t>/lC(t))'* 


ao)  6j^<t)  - (T(t)/Kt»*^  . 


Tabl*  1 


iBtlaatM  ttf  IbstrMt  OS  Tirhilntj 
(Blr»cc-riwXB41rttct  taputs) 


•actor 

1 

1 

< 

£ 

0 

Iterations 

Fuel 

.••4  5 

.0184 

.5706 

1.0120 

.4970 

.9978 

4 

Metal 

1.0230 

.0276 

.5349 

2.9000 

.2564 

.9988 

4 

Construction 

Material 

1.0140 

.0297 

.4537 

2.S230 

.2616 

.9886 

10 

Cheaical 

1.0030 

.0577 

.2*10“® 

3.4180 

•2263 

.9983 

7 

Machinery  and 
Equlpaent 

1.0170 

.0246 

.6226 

2.3940 

.2945 

.9932 

10 

Light 

- 

- 

- 

- 

- 

2 

Food 

1.0220 

.0243 

.4565 

5.4490 

.1504 

.9976 

5 

Industry 

1.0020 

.0308 

.4059 

4.9380 

.1484 

.9977 

10 

Industry  12Z  AFC 

1.0070 

.0292 

.4405 

4.4880 

.1335 

.9973 

10 

tee  footnote  18  for  Che  •teoderd  errors  of  these  parsaeters  and  their 
corresponding  t values. 


Table  2 

Estiaatas  of  Abstract  CES  Technology 


Sector 

1 

X 

(Direct  Inputs) 

A £ 

0 

Iteratioas 

Fuel 

.9763 

.0160 

.5446 

.4163 

.7061 

.9981 

2 

Metal 

1.0020 

.0355 

.4314 

4.3260 

.1878 

.9993 

10 

Construction 

Material 

.9994 

.0278 

.4464 

1.5340 

.3946 

.9966 

4 

Cheaical 

.9955 

.0342 

.75U 

11.8400 

.0779 

.9954 

10 

Machlflary  and 
Equlpaent 

- 

- 

mm 

- 

- 

5 

Light 

- 

- 

- 

aa 

- 

- 

5 

Feed 

1.0070 

.0266 

.8775 

7.8430 

.U31 

.9975  ' 

4 

Xnduatry 

1.0220 

.0270 

.4482 

1.2610 

.1067 

.9971 

10 

Industry  12Z  AFC 

1.0280 

•0283 

.4418 

1.4580 

.2149 

.9968 

10 

S«e  fooCBoca  18  for  tho  otandard  arrora  of  thaae  paraaetara  and  their 
corraapondlng  t aalaaa. 
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Tablt  3 


Technical  Progress  (X) 


Sector 

CE5 

(Direct''Plua>lDdiract  Inputs) 

Abraaowitz  (v-.77) 
(Direct-Plus-lndlrect 

Chesdcals 

5.73 

4.56 

Industry 

3.08 

2.75 

Construction  Materials 

2.97 

2.49 

Metals 

2.76 

2.59 

Machinery  and  Equipment 

2.46 

3.40 

Food 

2.43 

1.99 

Fuels 

1.84 

3.05 
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Tb«y  vary  aaaually  with  cha  oucpuc-laput  ratio  (T(t)/K(t)),  aad  ara  analogous 
to  tba  tint  darlvatlraa  uaad  in  Cha  Solov-Abraaovitz  calculation. 

Sactoral  factor  incona  ahara  raluaa  ara  praaontad  in  Tablaa  4 and  5. 

The  uudarlying  paraaatric  aaclaataa  are  drawn  reapectively  iron  Tables  1 
and  2.  Except  for  the  affact  of  the  arror  tarn  in  Equation  (1),  6^  and 
6^  ahould  aun  to  one. 

Regardlaaa  of  tha  aactorlng  convention,  a pronounced  tendency  for  the 
capital  incoM  ahare  to  approach  taro  is  aanlfaatad  in  elaven  of  the  fifteen 
branches  of  tha  Soviet  econony  for  which  calculation  could  be  nade.  Only 
the  fuel  aactor  diverges  fron  this  pattern  on  both  CES  aaaaures.  The 
behavior  of  these  CES  capital  incoae  shares  is  aore  than  a cur loss.  While 
Table  3 had  suggested  an  ostensible  concordance  between  CES  and  Solov- 
Abraaewitz  technical  progress,  the  findings  in  Tables  4 and  i denonstrate 
that  such  slAilaritles  belie  a fundaaental  difference  in  projectable  growth 
possibilities.  If  the  CES  description  ia  accurate  sustainable  Soviet 
growth  is  limited  essentially  to  the  gains  afforded  by  Hick's  neutral 
schnical  progress  auppleaented  by  tha  secular  gro%rth  of  the  industrial 
labor  force. This  implies  a rate  of  growth  substantially  below  the  Solow- 
Abraoowltz  rate  where  the  output  elasticity  of  capital  ia  aaauned  to  be 
constant  over  tia»e.  The  impact  of  the  elasticity  of  substitution  parameter 
Chcrafore  significantly  colors  our  interpretation  of  the  sector  pattern  of 
Soviet  growth  and  as  wa  shall  see  shortly  has  important  iaiplicstions  for 
assessing  tha  magnitude  of  the  possible  contribution  made  by  East-West 
trade  on  the  recant  Soviet  growth  axparianca. 

D.  Cobb-Douglas  Sactoral  Eatlmataa 

Sacausa  tba  Inelasticity  of  factor  substitution  plays  such  a decisive 

role  In  govening  tha  hahavlor  of  factor  income  shares  according  to  our  CES 
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Caplcal  and  Labor  Incone  Shares  (percent) 
(Direct-Plus- Indirect  Inputs) 
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MCiaatM.  it  It  oatful  to  ooa^rt  thttt  fiadlast  vlth  ptrakttric  tttiatttt 

ftotrtttd  froB  tht  sort  rtstrictivt  Cobb-Itougltt  tptelficttieD.  As  wss 

Boctd  prtviously,  tbs  Cebb-Douglss  produccioD  function  rtprcstats  the 

tpeclsl  CES  case  whtrt  tht  elasticity  of  substitution  Is  one.  By  forcing 

p - 0,  equation  (1)  can  be  transfoned  Into  equation  (2).  with  three 

rather  than  four  unknown  paraacters.  Tables  6 and  7 report  the  results 

of  these  nonlinear  astlaates,  the  forasr  based  on  the  vertically  Integrated 

classlf Icatlon  scheae,  the  latter  on  the  direct  Input  convention.  In 

every  case  except  the  aachlnery  and  equlpaent  aector  (Cf  Table  1 and 

Table  6),  the  CES  coefficient  of  detenlnation  exceeds  its  Cobb-Douglas 

counterpart.  Cslng  an  F teat  on  the  adjusted  difference  in  the  aua  of 

22 

squared  residuals  suggested  by  Weltzman,  the  null  hypothesis  that  the 
Cobb-Douglas  specification  is  the  true  fon  is  rejected  at  the  95  percent 
confidence  level  in  13  out  of  the  15  cases  where  comparisons  are  possible. 
Given  all  the  vagaries  inherent  in  the  basic  data,  tests  of  this  sort  cannot 
be  completely  decisive,  but  an  examination  of  the  test  point  values  generated 
during  the  Iterative  minimization  procedure  on  the  CES  specification  makes 
It  very  clear  that  a unitary  or  near  unitary  elasticity  of  substitution  Is 
attainable  only  by  arbitrarily  restricting  p in  the  vicinity  of  sero. 

Moreover,  Cobb-Douglas  factor  income  shares  and  the  growth  patterns 
they  imply  seem  implausible.  Cobb-Douglss  fsetor  Income  shsre  values  are 
presented  in  the  6 column  of  Tables  6 and  7.  The  factor  intensity  parameter 
is  equivalent  to  the  factor  income  share  when  p * 0,  since 

(11)  e^(t)  - (T(t)/K(t))P  - 6 

ai)  ej^(t)  - (i-«)Y“V^*’‘(i(t)/ic(t))p  - 1 - « . 
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As  Is  sssil7  Bssa.  Cobb-Oouslss  sod  CES  Bsssurss  of  both  6 md  X srs  slallsr 
is  chs  ehsalesi  soccer,  but  sot  slsswhsr*.  la  svsry  csss  (fasls,  ■stsls, 
eoostruccion  ascsrisls,  ■schinsry  sad  squlpacoc,  laduscry  sad  laduscry  122 
AFC  la  Table  6 wbara  the  lacoas  share  actribucable  to  csplcal  is  significant, 
the  race  of  Bicks  asucral  cschalcal  progress  bsceass  negligible.  Where 
residual  grovch  is  iaporcaat,  Che  output  elasticity  of  capital  is  spprox- 
Isately  sero  throughout  Che  postwar  period.  The  saae  teadencles  in  a less 
pronounced  fora  arc  exhibited  in  Table  7.  The  behavior  inferable  froa  these 
statistics  appear  aberrant.  On  one  hand,  rapid  technical  progress  is 
concentrated  in  the  consuasrs*  goods  sectors,  which  with  their  relatively 
low  capital  intensity  arc  characterised  by  sero  aarginal  capital  productivity. 
On  Che  other  hand,  capital  abundant  heavy  industry  exhibits  relatively  high 
aarginal  productivities  of  capital,  but  generates  no  neutral  technical 
change . 

These  patterns  are  precisely  the  reverse  of  those  one  night  anticipate 
23 

on  the  basis  of  theory,  suggesting  chat  Che  Cobb-Oouglas  specification 
is  not  an  accurate  representation  of  abstract  technology  at  the  sectoral 
level  of  the  Soviet  econoay.  If  this  srguaent  is  granted,  it  appears  that 
the  CES  specification,  utilising  the  vertically  integrated  classification 
scheae,  is  the  best  tentative  functional  fora  describing  the  character  of 
postwar  Soviet  sectoral  production.  Given  the  limited  nature  of  this  study, 
it  cannot  be  claimed  that  other  still  more  powerful  specifications  do  not 
ajcist  srhich  should  be  preferred  to  the  Hicks  neutral  variant  of  the  CES 
production  function.  However,  one  additional  and  important  aspect  of  our 
findings  contribute  to  their  general  cogency. 

In  Chapter  Z It  was  argued  chat  changes  in  the  aggregate  composition 

of  goods  and  aaxvieaa  could  have  a aigniflcant  affect  on  the  parameters  of 

aggregate  abstract  tochnology.  This  potentially  disturbing  factor  apparently 
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Tabl*  6 


latlMCas  of  Abstract  Cobb-Douslas  Tschaology 
(Dirac t'Pl US' lad trace  laputs) 


Sector 

1 

1 

6 

Iterations 

Fuels 

1.0680 

.0042 

.5718 

.9967 

5 

Metal 

1.1490 

.1*10“^ 

.5196 

.9955 

10 

Construction 

Materials 

1.1530 

.7*10“^ 

.4861 

.9837 

7 

CheBicals 

1.0950 

.0326 

.1*10'^ 

.9938 

10 

Machinery  and 
Equlpoent 

1.1290 

.2*10“^ 

.6906 

.9933 

10 

Light 

1.1670 

.0246 

.8*10'^ 

.9703 

10 

Food 

1.1200 

.0296 

.3  lO"® 

.9726 

10 

Industry 

1.1190 

.0017 

.5387 

.9954 

5 

Industry  12Z  AFC 

1.1160 

.0090 

.3759 

.9951 

5 

See  footnote  23  for  the  standard  errors  of  these  estiaates  and  their 
corresponding  t values. 


Table  7 

Estlnates  of  Abstract  Cobb-Douglas  Technology 
(Direct  Inputs) 


Sector 

1 

X 

6 

Iterations 

Fuels 

1.0200 

.0111 

.5193 

.9977 

4 

Metals 

Construction 

1.1570 

.0184 

.2867 

.9952 

4 

Materials 

1.0940 

.0197 

.2727 

.9939 

4 

Cheaicals 

Machinery  and 

1.0090 

.0398 

.1*10"^ 

.9928 

10 

Equlpoent 

1.1800 

.0157 

.3012 

. -5 

.9906 

4 

Ught 

1.1570 

.0288 

.2*10  ^ 

.9796 

. 10 

C 

Pood 

1.1930 

.0116 

.3200 

.9893 

4 

Industry 

1.0930 

.«*10“® 

.5619 

.9964 

9 

Industry  12Z  AFC 

1.0930 

.1*10"^ 

.5184 

.9959 

10 

See  footnote  23  for  the  otaadard  errors  of  these  ostlaates  and  their 
corraspoBdlag  t values. 
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1«  Dot  ODDDDquDBtUl  iD  fostvDr  toviot  aac^DrlDBc*  DTDD  though  th«  VDrlouA 
kr«neh«a  of  tba  ddcIoodI  DceDovy  Dspaadod  at  divaraa  ratM  Wdcduoc  all 
aactora  whathar  primary , aacoodary  or  Carclary  arc  charactariaad  by  lo. 
aLaaticlty  of  aubatitutlon  paramatara  and  aharply  falling  capital  incoce 
ahares.  Thia  aurprlalog  Intaracctoral  conaiatcncy  not  only  meant  that 
the  Impact  of  atruccural  change  on  aggregate  apccif Icatlon  hat  been  cull , 

It  also  auggaata  the  intriguing  hypothatls  that  the  Inelasticity  of 
aectoral  factor  aubatitutlon  hat  a conon  cauae  acroat  the  branchet  of  the 
national  aconony.  Put  succinctly,  in  the  Soviet  context  sihere  quality  and 
aatortseot  are  eapecially  troubleaoae  a strong  propanaity  might  exist 
against  designing  aquipaent  that  ambodlaa  flazlbla  technological  capabil- 
ities. If  design  flexibility  la  achieved  at  increaalng  material, 
engineering  and  bureaucratic  coat,  equipment  may  veil  be  constructed  with 
llBltcd  regard  for  the  chargeabllity  of  the  economic  environment.  The 
absence  of  market  prices  wuld  tend  to  reinforce  nominal  coat  savings  of 
this  sort,  because  no  unambiguous  indicators  are  available  to  alert  designers 
to  variatlona  in  relative  marginal  factor  productivities.  If  Soviet 
technology  is  indeed  inflexible  and  designers  insensitive  to  changing 
relative  factor  scarcities,  the  inelasticity  of  factor  aubatitutlon  across 
sectors  is  not  only  statistically  valid,  it  accords  with  coanon  sense, 
reflecting  deep  problems  of  quality  end  assortment  In  a bureaucratically 
controlled  economy.  Moreover,  in  the  context  of  eur  study,  the  Institutional 
factors  fostering  the  design  of  Inflexible  embodied  technologies  provides  e 
plausible  rationale  for  aelccting  a CES  apeeification  vith  Blck'a  neutral 
technological  progress  over  altamativcs  with  lass  a priori  crodibility. 
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I.  tiiMiry 

DMpltt  th«  lArg*  euabar  of  poconclal  difflcultloa  obocurlat  a laauloaly 
daclalvc  Idaaclf icacion  of  tba  trua  apaclflcatlon  of  poatwar  B^lat  aactoral 
production,  our  calculatlona  have  shown  that  tba  Hick's  nautral  vcrsloc.  of 
the  CES  production  function  yields  paraaatrlc  ostiaataa  which  are  superior 
to  both  Cobb-Douglas  or  Solov>Abraaowitt  altamatlvas.  This  la  true 
whether  sectors  are  classified  according  to  the  vertically  Integrated  foraat 
or  on  the  basis  of  direct  Inputs.  It  is  true  whether  conventional  or 
adjusted  factor  coat  values  arc  employed  and  its  validity  is  probably  In- 
dependent of  the  structural  changes  In  the  branch  composition  of  aggregate 
output  that  have  occurred  during  the  past  twenty  four  years. 

Ccncrally  speaking  the  CES  specification  portreys  postwar  Soviet 
sectoral  growth  in  terms  of  aoderate  rates  of  Elck's  nautral  technological 
progress,  approximately  32,  conjoined  with  rapidly  declining  capital  Incoee 
shares.  This  characterization  implies  that  future  Soviet  growth  may  be 
profoundly  linked  to  the  possibilities  for  sustaining  or  enhancing  past 
rates  of  technical  change  especially  so  if  as  we  suspect  observed  in- 
elasticities of  factor  substitution  stem  from  the  high  Institutional  cost 
of  designing  flexible  technologies  in  a bureaucratically  organized  economic 
system. 
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Sac  Char lea  Ferguson,  The  Weoclaaalcal  Theory  of  Production  and 
Platrlbutlon.  (Caabrldgc  UnivaralCy  Fresa,  Cambridge,  1969),  p.  106- 

S.  Hirofual  Ussva,  "Mautral  Invcetlona  and  the  Stability  of  Growth 
Equilibriun,"  Eavjaw  of  Economic  Studies,  SCVZIZ,  pp.  119*20. 
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1.  The  tern  Solov-AbrenDwitz  ia  used  here  to  eoconpeaa  both  types  of 
produccivlcy  residual  calculations . See  Chapter  II. 

2.  Edward  Denison,  Why  Growth  Rates  Differ.  (Brook.iags,  Washington,  D.C., 
1967) . 

3.  Weitxman'a  equation  is  Y(t)  • Y«^^{4K(t)  ^ ♦ l-£(L{t))]  See 

Martin  Vcitzaan,  "Soviet  Postwar  Economic  Growth  and  Capital -Labor 
Substitution."  AER,  IX,  #A,  September  1970,  p.  680.  Also  sec  X.J. 
Arrow,  B.B.  Chenery,  B.S.  Hinhas  and  R.M.  Solow,  "Capital  Labor 
Substitution  and  Economic  Efficiency,"  Review  of  Economics  and 
Statistics , August  1961,  Vol.  43,  225-50. 
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which  is  an  indeterminate  form.  Applying  L'Uospital's  Rule  to  the 
logarithm  of  the  denominator. 
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(.  t«t  Fartuaeo.  pid.  24^.  Geaulka  ha*  MtlsAtad  thl*  CES  aariant.  Ut 
ttanialaw  Goaulka.  "toTlat  Fost-Uar  ladustrlal  Growth.  Capital  Labour 
SubatltuCion  and  Tachnlcal  Chang**:  A KMaaclaaclon,”  Fap«r  fr***otcd 
at  cb«  lAKTF  Coaf*r*Dc«,  Saptaabar  1974. 

7 . See  Murry  Brovn , On  th*  Th«ory  and  Haaaureaent  of  T«chacloKlc*l  Charge , 
(Cambrldg*  tnlvirslcy  Pr**B,  Caabridgc.  1968). 

8.  A aingl*  tasc  of  ch*  CES  apacif Icaclon  assuming  Barrod  nautral  cechnicil 
change  vss  conductad  on  tha  adjustad  factor  cost  industrial  aggregate 
hasad  on  Che  vertically  integrated  class if lea t loo  format.  Mot  only 

vss  cha  coefficient  of  determination  comparatively  inferior,  the  ex- 
ponential labor  augmantlng  parameter  a was  miniscule,  .3»10~^,  with  a 
standard  deviation  of  .05  and  a t value  of  .7*10“5  clearly  inalgnif  icar.t 
at  an  reasonable  level  of  confidence.  On  the  basis  of  these  results  a 
more  comprehensive  set  of  sectoral  computations  was  deferred. 


In  Chapter  I ve  noted  that  CES  paraaaters  may  not  have  normal  dls- 
tributlona  so  that  standard  F and  c tests  are  to  be  treated  tongue 
In  cheek.  Kumar  and  Capinakl  however  have  recently  studied  Che  sampling 
distribution  of  CES  parameters  and  conclude  that  a Is  oon-aomal,  X Is 
normal  If  o < 1,  and  6 is  often  normal,  y is  never  normal.  Caveat 
emptor!  See  T.  Krishna  Kumar  and  James  Capinakl,  "Nonlinear  Estimation 
of  the  CES  Production  Function:  Sampling  Distributions  and  Tests  in 
Small  Samples,"  Southern  Economic  Journal,  Vol.  41,  #2,  October  1974, 

{ 258-66.  Also  Kumar  and  Capinski,  "Nonlinear  Estimation  of  the  CES 

Production  Parameters:  A Monte  Carlo  Study,"  Review  of  Economics  and 
i Statistics . November,  1974.  * 

9.  As  vss  pointed  out  in  Chapter  II,  Denison  has  argued  that  reductions 
in  man  hours  employed  are  offset  by  compensatory  increases  in  labor 
productivity.  In  the  Soviet  case  thia  offset  is  considerable.  If 
allowance  is  made  for  the  productivity  effect  little  change  occurs  in 
our  estimates  of  abstract  technology.  If  unadjusted  man  tour  data  are 
employed  the  following  estimates  obtain: 


Table  N1 


Estimates  of  Abstract  CCS  Technology 
(Direct  Inputs,  Labor  in  Man  Years 
Adjusted  for  Annual  Mao  Hours  Per  Worker) 


Sector 

1 

X 

.5*10“^ 

6 

£ 

0 

Iterations 

Fuel 

.9555 

.6897 

1.0410 

.4900 

.9971 

9 

Itetal 

Construction 

.9933 

.0278 

.7341 

2.2260 

.3100 

.9984 

4 

Material 

.9962 

.0151 

.6792 

1.1450 

.4082 

.9983 

4 

Chemical 
Machinery  and 

.9809 

.0362 

.7710 

5.8010 

.1470 

.9953 

10 

Equipment 

- 

- 

• 

• 

• 

• 

1 

Light 

1.0190 

.0288 

.8575 

6.7400 

.1292 

.9886 

7 

Food 

1.026 

.0169 

.8252 

2.8630 

.2589 

.9965 

4 

Industry 

1.0220 

.0001 

.7995 

.9594 

.5104 

.9955 

9 

Industry  12Z 
AFC 

1.0280 

.0043 

.7102 

76 

.9052 

.5248 

.9946 

4 

l*bl«  V2 

•t«nd«rd  Error*  of  tho  CIS  Eoraaocor  lotlJMtr*  md  t Itocliiclct 
(Diroct  loTmt,  Labor  io  Aanosl  Han  Reura)  labor  lo  Mao  Taar, 
Adjuatad  for  Chaogoa  la  Aa&ual  Maa  Boura  par  yorkar) 


Sec  cor  1 A i.  £ 

a t a“t  a”t  at 


Fuel 

s 

.0113 

t 

84.2 

s 

.0873 

t 

.6»10‘5 

s 

.1004 

t 

8.9 

s 

.4321 

t 

2.4 

Metal 

.0102 

97.6 

.0027 

10.5 

.0250 

29.3 

.2675 

6.3 

Construction 

Material 

.0141 

70.6 

. 00  41 

3.  7 

.0411 

16.  5 

.1989 

5.8 

Chsaical 

.0219 

44.8 

.0025 

5.7 

.1344 

5.7 

2.5270 

2.3 

Machinery  and 
Equipaeat 

Ughc 

.0220 

46.3 

.0028 

10.3 

.0951 

9.0 

2.5030 

2.7 

Food 

.0129 

79.4 

.0025 

6.7 

.0334 

24.7 

.3789 

7.6 

Industry- 

.0188 

54.4 

.0157 

.3*10-2 

.1446 

5.5 

.2490 

3.9 

Industry  12Z  AFC 

.0200 

51.3 

.0160 

.27 

.1460 

4.8 

.3521 

2.5 

Moreover,  factor  incooe  aharea  decline  at  rcaaonable  ratea  in  Industry 
as  a whole. 


Table  K3 

Capital  and  Labor  Incoae  Sharea  (percent) 
(Direct  Input  a,  Labor  in  Man  Years, 
Adjusted  for  Changes  in  Annual  Man  Boura  per  Worker) 

Industry  Conatruction 


12Z 

AFC 

_il 

Industry 
^ ®1 

Fuels 

e e 

k 1 

Metals 
®k  ®1 

Materials 

6 e 

k 1 

Chcaicals 

e 6 
% ®1 

Light 

6 8 
k '’l 

Food 

6 8 
k 1 

1950 

69 

28 

78 

20 

93 

12 

75 

27 

41 

59 

86 

26 

76 

13 

77 

16 

1955 

63 

36 

72 

26 

81 

IS 

55 

44 

37 

62 

45 

50 

67 

39 

70 

34 

1960 

56 

47 

68 

36 

80 

23 

29 

73 

31 

72 

6 

118 

16 

101 

36 

59 

1965 

45 

53 

55 

43 

72 

30 

11 

87 

22 

77 

0 

90 

0 

65 

16 

93 

1970 

40 

60 

50 

50 

63 

36 

7 

93 

19 

80 

0 

104 

0 

119 

9 

92 

1973 

36 

65 

96 

56 

57 

43 

5 

99 

18 

84 

0 

138 

0 

107 

5 

97 

These  positive  aspects  appear  to  lend  credence  to  Stanislav  Covulka's 
approach.  Sec  Stanislav  Coaulka,  "Soviet  Postwar  Industrial  Growth, 
Capital'Labor  Substitution  and  Technical  Changes:  A Reexaaination," 
Paper  presented  to  the  BANFF  International  Conference,  (Septeaber  1974). 

Caution  bovaver  is  advised  for  several  reasons.  First,  the  iaplausibly 
low  astiaate  of  Hicks  neutral  technical  progress  viewed  against  the 
Boderataly  high  rates  achieved  by  each  individual  sector  suggests  that 
the  Denison  offset  should  be  taken  seriously.  Second,  If  the  aggregate 
cases  are  overlooked  in  Table  Kl,  thee  the  behavior  of  factor  Incoae 
Oharas  are  not  onlike  these  obtained  before  labor  is  adjusted.  Finally, 
the  sstiaates  rsported  bare  are  based  on  the  disprcfcrred  direct  input 
classification,  tiae  constraints  having  precluded  ceaputatien  of 
sstiaates  froa  the  data  classified  according  to  the  vertical  integration 
Bora. 
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10.  T.  Kuaar  cad  E.  A«h«r.  "Sovltt  Fettwar  Econoalc  Cro%^h  «od  Capital 

Labor  Subaticutloo:  CoaMnt,"  Aaarlcao  Econoalc  Raviev  64,  (March 
1974),  210-42. 

U.  Vaicxaaa,  Ibid. 

12.  Eac  Dorothy  Bodgaa,  "A  Mota  on  Eatlaaclen  of  Cebb-Douglaa  and  CES 
FroducCion  Function  Hodala,”  Econonatrica . Vol.  37.  (Octobar  1969), 
pp.  721-5.  J.  Ka«oca,  ”On  Eatiaatioo  of  tha  CES  Production  Function," 
IptematlonaJ.  Econoeic  Ravlaw,  6,  (June  1967),  229-38. 

13.  A nominal  linear  ragreaaion  package  "Logit,"  baaed  on  the  Harquardt 
algorithm  vaa  utilized. 

14.  Vaitzmac,  ibid . . 681.  Alao  Boacfialdc  and  Lovell,  "The  Impact  of 
Adjusted  Factor  Coat  Valuation  on  the  CES  Interpretation  of  Postwar 
Soviet  Economic  Growth,"  UNC  Working  Paper  Scriaa , March  1976. 

15.  Steven  Eoaefialda,  The  Transformation  of  the  1966  Soviet  Input-Output 
Table  from  Producers'  to  Adjusted  Factor  Cost  Values,  (1DT“C , 
Washington,  1975),  CE75TMP-47. 

16.  Footnote  6 providea  astiaatas  analogous  to  Table  2 baaed  on  man  hour 
instead  of  man  year  data.  The  t values  for  these  statistics  are  almost 
all  significant  at  the  95  percent  confidence  level. 

17.  More  exactly  the  ordinary  least  square  approximation  (equation  (7))  to 
equation  (1)  producea  these  negative  elaaticities.  The  nonlinear 
miniaixation  procedure  itself  aborts  as  soon  as  6 > 1,  since  the  log 
of  the  negative  product  (l-i)L'^  is  undefined.  Just  before  6 becomes 
greater  than  1,  O-K). 

18.  Tables  M4  and  N5  provide  information  on  the  standard  errors  of  each 
parameter  displayed  in  Tables  1 and  2.  T statistics  are  also  shown. 
All  values  greater  than  2.1  are  significant  at  the  95  percent 
confidence  level,  those  greater  than  1.6  at  the  90  percent  confidence 
level. 

Kotice  also  that  the  sector  diversity  of  the  production  function 
contradicts  Coumlka's  conjecture  on  aggregation.  See  Comulka,  op.  clt . . 
10. 
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Standard  Errors  of  the  CES  Parameter  Estimates  and  t Statistics 
(Direct-Plus-Indirect  Inputs) 


Sector 

I 

X 

6 

£ 

a 

t 

a 

” t 

a 

t 

a 

t 

Fuels 

.0117 

S4.0 

.0174 

1.1 

.2498 

2.8 

.3261 

3.1 

Metals 

Construction 

.0099 

103.1 

.0027 

10.3 

.0426 

12.5 

,.8051 

3.6 

Materials 

.0301 

33.7 

.0067 

4.4 

.1563 

2.9020 

1.0 

Chemicals 
Machinery  and 

.0135 

74.3 

.0017 

34.5 

.0800 

.3*10-® 

.5*10’ 

.6*10 

Equipment 

Llsht 

.0246 

41.3 

.0245 

1.0 

.3192 

2.0 

1.9240 

1.2 

Food 

.0132 

77.4 

.0014 

17.9 

.09051 

7.3 

1.6510 

3.4 

Industry 

.0147 

68.1 

.0019 

16.1 

.1051 

S.8 

1.977 

2.5 

Xmduatry  12Z  AFC 

.0158 

63.7 

.0015  20.0 
78 

.1359 

4.7 

2.B120 

2.3 

Tabla  N5 


Scaodard  Errora  ef  cha  CCS  Paraaatar  Catlaataa  and  t Statiatlca 


Sector 

a 

(Direct  Inputs) 

1 A 

t St 

a 

d 

t 

£ 

s 

t 

Fuel 

.0127 

76.9 

.0094 

1.6 

.1848 

2.9 

.2119 

2.0 

Metals 

.0080 

124.6 

.0012 

30.6 

.0422 

15.0 

.5975 

7.2 

Construction 

Materials 

.0144 

69.4 

.0041 

6.7 

.0567 

7.9 

.4684 

3.3 

Chemical 

.0193 

54.2 

.0017 

22.2 

.0123 

.2 

6.9760 

.7 

Machinery  and 
Equipment 

Light 

Food 

.0129 

78.3 

.0012 

22.6 

.0540 

16.2 

1.7140 

4.6 

Industry 

.0163 

62.6 

.0092 

2.9 

.0632 

7.1 

1.6730 

1.4 

Industry'  12Z  AFC 

.0162 

63.3 

.0029 

9.6 

.1155 

4.1 

2.2670 

1.9 

With  23  degrees  of  freedom,  the  t value  for  both  tails  at  the 
95  percent  confidence  interval  la  2.069,  for  the  90  percent 
confidence  Interval  1.645. 


19.  The  standard  errors  of  X in  the  machinery  and  equipment  and  fuel 
aectors  are  large  and  their  t values  insignificant  at  the  95  percent 
confidence.  The  rank  orderings  shown  in  Table  3 therefore  should 
not  be  considered  entirely  firm. 

20.  See  Brown,  ibid. 

21.  An  arithmetic  example  might  be  helpful  here.  Suppose  that  the  capital 
and  labor  supplies  were  equal,  K/L  » 1,  R • 100,  L • 100.  Suppose  further 
that  p > .5,  6 • .5,  X ■ 0,  Y ■ 1.  Table  N5  shows  the  effect  of 

rapid  capital  growth  relative  to  labor  (or  of  course  vice  versa) 
on  output,  Y. 

Table  N6 

Factor  Inelasticity  and  Output 
T - •«'  (l-6)L"^r^^'’ 

Y R L 


100 

100 

100 

80 

150 

50 

52 

175 

25 

3.5 

199 

1 

These  results  reflect  both  the  falling  marginal  productivity  of  capital 
and  the  declining  capital  share. 

22.  Veitsnant  ibid . p.  683. 

23.  Usually  marginal  productivities  are  Inversely,  mot  positively  correlated 
vlth  relative  acarcitias.  Also  it  should  be  meted  that  the  t statistics 
for  the  Cobb»0eugIas  spscification  vers  ganarally  Infarior  as  can  be 
maen  In  Table  H7. 
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Ubl«  1(7 

Itaodard  Error*  of  th«  Cobb^Dou^l**  latiaat** 

•od  t Statiatlc* 

(Dirac t-Plua-lndlr*ct  Input*) 


Sector 

* 

1 

t 

s 

X 

t 

* 

6 

t 

Fuel 

.0143 

74.9 

.0128 

.3 

.2016 

2.8 

Matal 

.0193 

59.6 

.0176 

.8*10-^ 

.2728 

1.9 

Con*tructloD 

Material 

.0309 

37.3 

.0222 

.3*10-3 

.3315 

1.5 

CfacBical 

.0306 

35.8 

.0014 

37.6 

.0089 

.1*10-3 

Kachioery  and 
EquipBcnt 

.0250 

45.2 

.0172 

.1*10-2 

.3088 

2.2 

Light 

.0424 

27.5 

.0332 

.7 

.6177 

.2*10-^ 

Food 

.0363 

30.9 

.0078 

3.8 

.1300 

.2»10"3 

Industry 

.0166 

67.2 

.0162 

.1 

.2963 

1.8 

Industry  I2Z  AFC 

.0163 

68.7 

.0182 

.5 

.2963 

1.3 

r 


’ Afpcmllx  to  Chapter  III 

II 

5UPPLEME^'Tm  EVIDEI.CE  RECARLINC  THE  CHASACTEF. 

I OF  ABSTRACT  SOVIET  TECKKOLOCY 

I 

i 

Although  Chapter  III  la  self-contained  various  Issues  are  la^ilicltly 
raised  which  require  further  csplanatioo.  Rather  than  break  the  continuity 
of  the  preceding  arguaent  these  problees  are  discussed  Independently. 


01 


Ai.l  The  “Catch  Up  effect" 


THIS  PAGF  IS  BEf:';  ; ' 

JSiMt  con 


The  fladiata  of  Che  procodiac  ••ccloo  Msiae  chat  the  entire  poatvar 
period  froD  Stelio  Co  Brezhnev  cen  be  created  ea  e aloglc  epoch.  Both 
Dooeld  CrecD  end  Stenlalaw  Cooulke  have  auggeated  that  the  "catch-up" 
effect  eaaoclated  with  the  early  re cone C ruction  phaae  of  the  poatwar  Soviet 
recovery  should  extend  not  to  1930  but  to  1953.  Indeed  in  Chepter  II  ve 
obaervec  that  the  Abraaovltz  residual  during  the  years  1950-1958 
far  exceeded  the  rate  of  technical  progress  achieved  in  any  subsequent 
period.  To  test  the  inference  that  the  low  elasticity  of  capital  labor 
substlcutlan  is  the  result  of  incorrectly  pooling  observations  fros  discrete 
epochs,  the  twenty  four  year  time  scries  used  in  our  previous  calculations 
was  truncated  to  19  years,  1933-1973.  Tables  A3. 1-1  end  A3. 1-2  report  estlcated 
paraoeters  and  their  t tests  respectively  for  our  preferred  dlrect-plus- 
inclrect  factor  ccasure,  labor  coeputed  in  nan  years.  Two  aspects  of  these 
findings  require  particular  attention.  First,  the  low  elasticity  of 
factor  Substitution  Is  sustained  in  all  instances.  Adjustoent  to  the 
lower  average  growth  rate  of  the  truncated  scries  is  diversely  expressed. 

In  sooe  cases  X,  Blcka  neutral  technical  progress  declines,  in  others  o, 
the  capital  labor  substitution  elasticity  falls  (increasing  the  rate  at 
which  diminishing  returns  set  in) , while  in  the  single  case  of  aggregate 
Industrial  production  6,  the  factor  intensity  parameter  exhibits  an  extremely 
low  value.  Clearly,  the  “catch-up"  phenomenon,  important  In  Itself,  has 
BO  systematic  lapact  on  the  character  of  estimated  abstract  technology  and 
does  not  appear  to  invalidate  the  conclusions  previously  drswn*’hy 
VeitCBsn,  Sosefialde-Lovsll,  and  Bosafialda.  The  axtrsM  inelasticity 
of  factor  auhstitution  rsBaias  the  distinctive  characteristic  of  postwar 
Soviet  abstract  tacbnology. 
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t«cand,  ciraD  allovlat  for  tbo  latorprototioool  probUao  of  tonguo-lc- 
chocW  c Coota.  Cha  atatiatical  povar  of  cba  oatlaatad  paraMtara  for  the 
Khruahehav-Brazhnav  apoch  la  aacaadlogly  low.  Mot  only  la  ?■*><■  li4)ortact 
for  cscabllabing  cba  ralativa  marie  of  cha  two  poaewar  aarlaa,  It  may  also 
explain  Staalalaw  Comulka'a  flodiag  baaed  on  a truncated  aarlaa,  titac  the 
alaatlcity  of  factor  aubatltutlon  la  not  algnlf Icantly  dlffaraot  than  unity, 
Implying  that  tba  Cobb-Douglaa  apacif ication  accurately  dapicta  poatwar 
Soviet  growth.  Experlaantation  with  the  atartlng  valuaa  for  the  CIS 
aatimatioo  of  aggregate  Industry,  using  adjusted  factor  coat  weights  re- 
wealed that  the  Cobb-Douglas  rcault  could  easily  be  obtained  by  Judiciously 

aelectifig  Initial  paraaeter  test  points.  The  aatiaatas  reported  above  had 

2 

the  higheit  coefficient  of  determination » R • .9931.  However  in  three 

2 

ancillary  calculations  on  the  aaac  data  with  R a beevaen  .9942  and  .9947. 
p was  not  significantly  different  from  0,  auggesting  the  Cooulka  result 
0-1.  On  Che  basis  of  these  findings  one  is  forced  to  conclude  that  Che 
surprising  reversal  deExmstrated  by  CobuILs  in  the  aagnitude  of  the  capital 
labor  aubatltutlon  paraaeter  was  largely  due  to  the  volatility  of  nonlinear 
estimates  in  small  time  aeries  Co  the  selection  of  initial  parametric 
starting  values.  Had  Comulka  experimented  with  other  test  points.  X suspect 
be  would  have  discovered  chat  his  Cobb-Douglaa  finding  was  fortuitous  and 
statistically  Inferior  to  alternative  astimatea. 
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tabl«  A3. 1-1 


Altcniaclvc  CES  Csclaatcs 
'*nt«  Khrushchtv-lrazhDtv  Epoch" 
Vtlcg  Dlr«cc-Plu«-lDdirect  Input. 


Labor  in  Kan  Yaar 


Sector 

1 

A 

Fuel 

1.0340 

.0070 

Itetal 

1.1660 

.0216 

Construction 

Materials 

1.0490 

.0223 

Qiemical 

1.3190 

.0583 

Machinery  and 
Equipneot 

1.2050 

.0049 

Ught 

1.3210 

.0211 

Food 

1.1430 

.0230 

Industry- 

1.3020 

.0319 

Industry  12  AFC 

1.1730 

.0299 

, Obatrvatlons  15i55-1973 


6 

C 

£ 

Fi 

7099 

.8786 

.5323 

.9960 

4924 

1.6190 

.3818 

.9982 

7820 

3.5870 

.2180 

.9857 

2*10"^ 

2.5320 

.2831 

.9966 

5613 

.0002 

.9998 

.9923 

4103 

13.1800 

.0705 

.9538 

6043 

4.2540 

.1903 

.9958 

2223 

3.9460 

.2022 

.9938 

8368 

12.8900 

.0720 

.9951 

Itcrat 1 

7 

10 

10 

10 

10 

8 

1C 

10 


•4 


Tabl*  A3. 1-2 


Sccor 

Standard  Errors  of  the  CES  Fereaster 
Estimates  and  t Stetiatlcs 
(IChr lahchev-Breshnav  EpocL) 

1 h.  L 

a t B t a ~ t 

£ 

e 

t 

Fuel 

.1306 

7.9 

.0204 

.3 

.3433  2.1 

.4876 

1.8 

>ktal 

.0400 

29.1 

.0087 

2.5 

.0813  6.0 

1.0790 

1.5 

Construction 

Katerlal 

.1062 

9.9 

.0080 

2 8 

.2776  2.8 

3.021 

1.2 

Chemical 

.0923 

14.3 

.0048 

12.3 

.1625  .1«10*^ 

.2»10^ 

.IxlC"^ 

Machinery  and 
Equipment 

.2081 

5.8 

.0260 

.2 

.6072  .9 

.8966 

.2x1:"^ 

Ught 

12.5900 

.2 

.0034 

6.2 

.99x10^  .4x10"^ 

.1x10* 

.i»i:"^ 

Food 

.1349 

8.4 

.0029 

8.0 

.48  1.2 

4.3 

1. 

Industry 

Industry  121  ATC 

2.563 

.5 

.0014 

21.6 

7.9  .1 

158.3 

.1 

With  18  degrees  of 

freedom 

, the  t 

value 

for  both  tails 

at  the  95 

percent 

confideace  interval  is  2.101,  for  the  901  confidence  interval  1.734. 
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43.2  AlCarnati^  btlMtsa  of  Cb*  F«raMC*rt  of  Abotnct  Sovloc  Tocbaology: 

Dal  too  and  Daaal 

iDdapoodoot  oTldoncc  oo  tb*  validity  of  tht  production  fiBction  aatisctes 
pr«»ented  in  Chapter  III  can  be  fota^d  in  the  vorka  of  other  acholars. 

Tables  A3.2~l  and  A3. 2-2  give  Caorge  Dalton's  and  Padna  Dcaal'a  eacioateb 
of  the  paraaeters  of  abstract  tacbnology  cosfiutad  utilizing  the  Elcks 
neutral  variant  of  the  CES  specif icatlon . Dalton's  calculations,  based  on 
the  Creanalade-Wallace  industrial  output  aeries  1930-1969  vith  conventional 
direct  input  sectoring  is  conceptually  analogous  to  the  catiBstes  in  Table 
2.^  Allowing  for  differences  in  sectoral  nomenclature  and  the  duration  of 
the  tine  series,  Dalton's  parametric  eatlmates  largely  correspond  with  and  con 
firm  our  findings.  In  every  instance  the  sectoral  elasticity  of  capital 
labor  substitution  is  less  than  unity  and  almost  always  Barkedly  so. 

Although  CD  average  the  Hicks  neutral  technical  progress  parameter  is  lower 
than  those  in  Table  2,  this  in  part  reflects  the  modest  revival  in  Soviet 
productivity  1970-1973  discussed  in  Chapter  II.  Also  note  the  aberrant 
character  of  the  parameter  estimates  for  the  machinery  and  equipment  sector 
which  corroborates  the  perverse  behavior  Indicated  in  Table  2.  It  hardly 
seems  an  exaggeration  to  conclude  from  the  parallel  nature  of  these  findings 
that  the  CES  specification  of  Soviet  production  characterized  by  extremely 
low  capital-labor  aubatltutlon  values  is  sustained  for  sectors  defined  on 
the  direct  input  convention,  despite  some  significant  differences  in 
'underlying  data,  sectoral  coverage  and  the  time  frame  of  the  data  series. 

Cgn  it  be  safely  deduced  that  this  confirmation  bolds  as  well  for 
sectors  classifUd  according  to  the  vertically  integrated,  direct-plus- 
Indlrsct  input  scheme?  Desal’s  calculation  bears  on  this  issue.  Aware  of 
the  conceptual  error  involved  in  using  gross  rather  than  net  output  series, 
Dssai  tried  to  rectify  the  matter  by  computing  the  residual  between  factor 


lacludlsg  «••••>  froflcs  dtp  r«c  Lac  ion,  and  gt«M  output  vtilch 
•bo  Idontifloa  •*  "r«w  Mtorlolo"  or  "Mtoriol.  purchoMO.**  ^ Bowovcr 
iootoad  of  trooclog  tho  dlfforcnco  botvocn  prlnory  factor  coot  Oad  the 
grooa  value  of  output  oa  Incaraadiate  gooda.  Daaai  choac  to  conatrue  her 
raaldual  «a  the  inputad  value  of  a third  prinary  factor  of  production,  raw 
materlala.  Rather  than  nattisg  out  intonadiatc  inputa  to  obtain  a con- 
sistent acctoral  claaaif ication  pradicacad  on  the  "aaccer  of  aaaaably"  or 
direct  Input  opacification,  Daaai  opted  for  a achaBc  which  raaenbles  the 
vertically  integrated,  direct-plua>indlrect  factor  approach.  More  precisely 
•he  reforvulated  the  Hicks  neutral  CES  apocification  into  a three  variable 
Input  BOdel^ 


(A3.1)  1*  • Ye^'lQK"*^  + ei'^  -f 


-1/P 


where 
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• gross  output 


raw  •atariala  (including  industrially  produced  intemdiate 
Inputs) 


specifying  "rav  Batcrials"as  a third  priury  factor  of  production. 

4 

An  alternative  two  variable  fonr. 

-1/p 

(A3. 2)  y - 4 (l-e)L"^J 


where 

Y ■ gross  value  added  coeputed  by  deflating  the  agricultural 

and  transportation  cooponenta  of  the  residual  'raw  Bsterials" 
separately  free  other  intemediate  inputs  and  final  product, 
then  subtracting  intemediate  inputs  and  rav  ■atcrials^ 

vas  also  tested  but  sinea  both  rav  asterials  and  interaediste  laputs  are 
Bsttsd  out  after  being  separately  deflated,  aquatioo  A3. 2 pertains  asclu- 
•ivBly  totbs  iBtrsssctoral  output-input  specifiestien  and  as  such  does  not 
CODCSTB  us  bars. 


C 


Evtn  •quatloD  A3.1  which  crMtt  "raw  Mtcrlali''  purchaacd  froa  other 
Mctora  aa  a walua  addad  eoapODaac  of  tha  puzchaalag  aacter  la  aot  fully 
cea^arabla  with  tha  lapuc-aucpuc  walua  addad  achaaa  prawloualy  aat  forth 
is  Chapter  XI>  Thara  all  iaearaadlata  laputa,  iacludiag  raw  aatarlala, 
ware  ai^raaaad  In  taraa  of  tha  capital  and  labor  aabodlad  In  chair  production 
alaavhara  In  tha  aconoay  not  aa  a third  primary  factor  of  production. 

Inataad  of  computing  tha  dlract-plua'lndlract  value  addad  of  Intanwdiate 
goods,  Daaal'a  BCthod  luapa  Cogathar  raw  aatarlals.  tranaportatloc  aarvlccs 
and  Industrial  Intaraadlata  Inputa  Into  a hoaoganaoua  factor  of  production 
the  value  of  which  cannot  ba  raducad  to  their  aarglnal  capital  and  labor 
costs  of  production.  This  leads  to  the  vary  peculiar  result  that  although 
Che  output  of  every  sector  depends  functionally  on  capital,  labor  and  raw 
macerials-cua^lntamcdlata  Inputs,  the  Intcmadlata  Input  coeponent  of  re. 
•atarlals  Is  treated  as  If  nalthar  capital  nor  labor  ware  required  for  Its 
production. 

Whatever  one  may  think  about  the  analytical  merit  of  such  an  Inconsis- 
tent specification,  with  Its  Idiosyncratic  definition  of  raw  materials, 
equation  A3.1  is  conceptually  related  to  the  vertically  integrated  classifi- 
cation of  the  value  addad  production  process  and  therefore  provides  a bench 
mark  for  guaglog  tha  reliability  of  the  findings  in  Tabic  1.  Dasal's  results 
are  presented  in  Table  A3. 2-2.  They  were  computed  from  a small  sample, 
1955-1971,  affording  only  11  degrees  of  freedom,  so  that  even  If  everything 
else  were  cospatlble,  some  variation  In  our  results  should  be  anticipated. 
Despite  these  ntoerous  caveats,  as  with  Dalton's  sstlmatcs,  Desai's  findings 
are  similar  to  those  in  Tables  1 and  2.  Most  striking  of  course  is  the  low 
alsstielcy  of  factor  substitution  axhlbltsd  for  both  aquations  A3.1  and  A3. 2. 
Vhils  it  would  be  rash  to  press  evidence  as  qualified  as  this  too  far,  it  docs 
dsBoostrsts  tbs  rebusCmsss  of  the  low  capital-labor  substitution  psrsmteer 
in  the  face  of  axtrsmsly  diverse  spsclfiestions. 


Tabl*  A3. 2-1 


T 


Baltoo'*  CCS  CstlAstcs 
tlilfig  tbs  Dlrtct  Input  ClA«slflc«tioD. 
Labor  la  Kan  Yaars,  Mtarvatlono  1950-1969 


Sac  tor 

Y 

X 

6 

P 

0 

Farroua  Ha  tala 

.714  3 

.0303 

.2775 

2.2457 

.3061 

.999 

Conacructlon  Hatarlala 

.7420 

.0244 

.4615 

.4914 

.6705 

.999 

Cbaailcals 

.7132 

.0235 

.5797 

11.3916 

.0807 

.992 

Macbiaary  and 

Equlpaent 

' .9505 

0 

.9560 

10.9332 

.0838 

.987 

Light 

.8009 

.0196 

.2470 

5.6534 

.1503 

.996 

Food 

.6810 

.0130 

.35  5 5 

3.7893 

.2088 

.996 

laduatry 

.8538 

.0123 

.5414 

2.1817 

.3143 

.996 

Table  A3. 

2-2 

Dasal's  CCS  CatlBates 

Labor  in  Han  Yaars,  Obaarvationa  1935-1971 


Sactor 

Y 

Ido 

B P 

0 

Aggregate  Industry 
(aquation  A3.1) 

e 

0.0408  0.0210 

.6798  3.4033 

0.2771 

.9994 

Aggregate  Industry 
(aquation  A3. 2) 

* 

O.OICI  0.8930 

4.9312 

0.1686 

.9913 

Valuta  for  the  aealt  paranattr  vara  sot  proTldad. 
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A3. 3 lh«  Margia*!  ProducClvlcy  of  Capitol 
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The  aargi&al  productivity  of  capital  l^>liad  by  th*  laeoac  abarcs 

proeanted  lo  Tabla*  4 and  3 1»  ao  low  that  aoae  aay  woodar  about  Its 

plaualoilicy . Can  the  carglnal  productivity  of  Soviet  capital  really 

approach  eero?  The  answer  to  this  rhetorical  questioo  is  afflntjtlve,  If 

the  ruling  convontlona  of  abstract  technology  arc  perceived  in  the  proper 

perspective.  Capital  in  production  function  analysis  is  regarded  as  a honc- 

geneous,  non-quality  differentiated  input.  If  the  elasticity  of  factor 

substitution  is  less  than  unity  and  capital  increases  acre  rapidly  than 

labor,  increased  capital  intensity  Bust  result  in  declining  aarginal  capital 

productivity.  That  is,  if  an  augnsnted  supply  of  identical  aachincs  is 

distributed  to  a fix  supply  of  workers,  output  at  the  aarginal  Bust  decline. 

This  however  does  not  preclude  the  possibility  that  as  the  stock  of  capital 

rises,  the  average  quality  of  capital  aight  increase  with  it.  Such  an 

iaproveinent  in  capital  quality  srould  is^ly  that  capital  productivity  is 

certainly  positive,  but  within  the  conventions  of  abstract  technology- 

capital's  contribution  would  be  is^utad  to  technical  progress.  Only  by 

ascertaining  directly  the  relative  shares  of  cebodied  and  diaeebodied 

technical  progress  could  we  discover  the  precise  aatgnltude  of  the  capital 

contribution.  Thus,  the  ostensible  laplausibility  of  aero  aarginal  capital 

productivity  depends  In  large  part  on  the  special  aeaning  is^arted  to  the 

concept  as  the  aarginal  return  to  a hoBogeneous  and  Increasingly  abundant 

factor  of  production.  Once  this  is  recognised  then  the  extreecly  low 

elasticities  exhibited  in  Tables  1 and  2 do  not  really  i^ly  behavior  any 

* 

g 

aore  perverae  than  those  reported  by  Veitsaan. 

For  esaaple,  if  the  cepital  prodv't-'vity  trend  isderlying  Veitsaan's 
iacoae  share  statistics  is  extrapolated  to  1984.  the  aarginal  capital 


productivity  b« cocci'  • iaaipilficaDt  with  th«  copltol  lacoM  ahar*  approachlDg 
lOZ,  eosparad  to  86Z  la  1950.  Thla  doclina  !•  laaa  proclpltoua  Chac  tbe 
dacliae  lipllad  lo  lablts  4 asd  5,  but  the  long  rus  laplicatio&a  arc  •Idlar. 
On  either  loterpretatioo  the  future  course  of  Soviet  growth  depeodt  acre 
on  tecKolcal  progrees  than  on  capital  latenaificatioc. 
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A3. 4 Tb«  Afrleultural  Cycl* 

Ad  l^Uclc  MDui^Cioo  ladDrlylDg  production  funcclon  a&DlyoiD  1«  thct 
fluctuDtions  Id  i&c«rMdiDC«  Inputs  do  not  distort  ths  obsarmd  rslscloD- 
•hip  bsrwssc  output  nd  prlasry  Inputs  by  srtlflcislly  constrsloliig  production. 
One  stetor  of  the  Soviet  sconoeiy  vhsrc  this  Inpliclt  sssusiptloD  sight  be 
dsngsrously  alslesding  is  Che  Food  industry  where  output  depends  heavily 
on  notoriously  volstlLs  sgrlcultursl  inputs.  To  test  the  sensitivity  of 
our  regression  results  to  the  Ispsct  of  egrlculturel  fluctuetions , the 
persLBCters  of  ebstrect  technology  were  reestirnted  with  e.c  adjusted  Food 
Output  series. 

The  cyclical  influence  of  agricultural  fluctuations  on  Food  output 
was  rcaoved  by  soDothing  the  output  aeries  for  the  periods  I93C>38,  1939-63, 
1964-67,  1968-73.  This  was  achieved  by  taking  the  lq>Iled  cospound  growth 
race  of  final  Food  output  for  each  period  and  interpolating.^ 

baing  the  Eicka  neutral  CES  functional  specification  the  paraneters 
of  abstract  technology  were  reestisated  respectively  for  the  direct  acd 
dlrcct-plus-indlrect  input  classifications.  Tablt  A3. 4-1  reports  thtse 
cstiBStes  confirming  the  CES  character  of  Food  production,  with  low  capital- 
labor  eubstltution  ratios,  and  indicating  that  agricultural  fluctnations 
have  not  aignlficantly  distorted  tbs  results  presented  in  Tables  3.1  end 
3.2. 
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TabI*  iJ.4-1 


CES  for  tho  Tood  Soctor 

Adjuatod  for  Afrlcultural  nucciutloos 

Toctjr  Clajalf  lotion  1 A A £ £ ZL  I tarit  Ijr  s 

1.  Dlroct-Pluo-lndlricc  .9873  .02C7  .6059  6.0590  .1417  .9991  6 

2.  Direct  .9669  ,0257  .8705  6.3810  .1355  .9900  6 


! 

I 


i 


■ocM  to  Afpaadlx  3 


1.  Caorgt  Dalcoo,  ispubliahcd  Mnucript  provld*d  bp  Donald  CrMc. 

2.  Padma  Daaal . "Sovlat  laduatrlal  Production;  EatlMtcs  of  Cross  Outputs 
by  Brsochss  and  Croups,"  tullstln  of  the  Oxford  lalvarslty  Institute  of 
Statistics , forthcoBlDK.  aanuscript,  p.  3. 

3.  Padaa  Daaal,  "Ibt  Production  PuDctlon  and  Tochclcal  Cbange  in  Postvsr 
Sovist  Industry:  A Basza&ination iBpublishsd  Mouacrlpt,  p.  13. 


4.  Ibid,  p.  14 


5.  Ibid,  p*  27  and  pp.  28-35. 

6.  Wcltz&an,  0£.  cit.  , p.  662.  Motics  that  it  took  13  yaars  for  Soviet 
Incoaa  share  to  reach  the  proportions  prevailinf  in  1962.  Projecting 
this  tiae  span  forward  fros  1969  when  the  1962  proportions  art  reversed 
suggests  that  the  capital  incone  share  will  roach  142  in  1962. 


7.  An  alternative  aethod  of  saootbing  the  output  series  would  have  beer,  to 
conpute  total  intra  period  output  growth  and  then  calculate  the  cocpour.d 
rate  iaplied  by  the  actual  value  of  produced  output.  This  can  be 
achieved  by  forving  the  ratio  of  actual  output  growth  to  the  isplied 
coepound  output  voluae 


(In) 


H Oj  - 
ll 


and  adjusting  the  terminal  output  value 

\ 

to  permit  the  coB?>utatlon  of  a new  smoothed  output  series.  A test  of 
jte  alternative  method  for  the  period  1950*1973  affected  the  growth  rate 
by  0.152.  so  that  the  potential  distortionsry  effect  of  omitted  real 
output  can  be  ignored. 
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Chapctr  IV 
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2.  Ire rouuct ion 

Id  the  prccediag  chapters  aa  attespt  has  heen  aade  to  acrupulously 
irvestigate  the  character  of  abstract  Soviet  industrial  technology,  Idertl- 
fyiag  Che  analytic  and  econonetrlc  liritations  of  production  function  analysis, 
while  stressing  the  robustness  of  the  CES  values  estivated.  In  this 
chapter  the  evidence  gathered  on  the  abstract  character  of  Soviet  industrial 
technology  is  applied  to  the  assesscer.t  of  technology  transfer,  is  order 
to  discover  what  share  of  ceasured  Soviet  industrial  growth  is  i^utable  tc 
borrowed  technology  froc  the  West.  Although  this  subject  has  beer,  widely 
discussed  of  late,  little  is  really  known  about  the  aagnlCude  the 
contribution  technology  transfer  has  made  to  Soviet  growth.^  Our  igr.crarce 
is  not  accidental.  The  probler  is  formidable,  both  conceptually  and 
ccor.ozetrically , and  does  not  lend  itself  readily  to  incisive  sicplification. 
Tr.e  analysis  that  follows  therefore  is  conceived  not  as  a corplete  and 
definitive  assesscer.t  of  technology  transfer,  but  rather  as  a atep  forward 
lx  coring  to  grips  analytically  and  quantitatively  with  a highly  Intractable 
problcE. 
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XI.  Abstract  Tachnolog}*  and  Technology  Transfer 

The  paramatara  of  abstract  tachnolegy  astimatad  in  Chapter  III  contribute 
two  assantial  plaeat  to  the  puzzle  of  tachoology  transfer,  fltat,  assuring 
kicks  neutral  tachnleal  prograsa  vlth  honoganaoua  aon^quality  adjusted 
inputs*  the  CES  apaelfication  ii^llas  that  the  antire  contribution  af 
tachnology  to  aggragata  industrial  growth  iron  both  tfonastie  and  fbrtipn 


urctt  VM  a^presiutaly  )X  p«r  mbub,  IfSO  ce  1173.  iMofar  m Mt 


laduitrial  ecfital  li^orct  w«rt  ^tlclvt.  a furchar  kut  ralaclvaly 

groMtb  iBcraatBt  la  icputablc  to  Chi  aiilarfanant  of  cha  doaaatlc  atocl  of 

2 

raproiiuzltlc  ca.'ltal.  Second,  Klckc  r.autral  ceci  r.ical  prepress  hss  r.ct 
baen  uniform  across  aeccors.  Certain  branches  of  industry  such  as  checlcsls 
exhibit  high  rates  of  tachcoloplcal  grovth,  while  others  llLe  fuels  are 
lapparu . 

Taken  together  these  statistics  establish  the  Bap\itude  of  agprepate 
postwar  Soviet  technological  progress  and  iUucinatc  Its  sectoral  character- 
For  exar-ple,  If  ghe  Soviet  ChP  in  1973  ware  approKleatcly  7C'C  billion 
current  b.S.  dollars^  and  4C^  of  this  acount  were  coKprlsed  of  Industrial 
output  other  than  construction,  ccccunication , trade,  transportation, 

4 

agriculture  and  services,  then  it  can  be  deduced  that  technological 
progress  in  industry  contributed  roughly  8 billion  dollars  to  the  national 
product.  Depending  on  the  precise  paracetric  values  of  technical  progress 
In  the  rest  of  the  oconoa>',  total  tachr.ologlcal  progress  would  be  core  or 
less  than  proportional  to  the  industrial  rate.  If  for  didactic  purposes 
ve  suppose  strict  proportionality,  then  the  atgrtfatc  contribution  of 
technical  progress  to  Soviet  growth  would  rise  to  21  billion  dollars. 

This  figure  constitutes  a consarvatlve  upper  licit  both  for  the 
Bksgnitude  of  technical  progress  and  technology  transfer  were  one  to  presune 
Uiat  all  tachnical  progress  were  foreign  In  origin.  However  reBcnberlng 
that  aaasurad  productivity  growth  in  services  is  aoclnal  in  all  countries, 
that  it  is  slight  in  construction  and  that  tachnical  pregrasa  In  Soviet 
•grieultura  has  bean  aodast  at  bast,  it  Bust  be  further  inferred  that  the 
aggragaea  wslua  sf  tachselegleal  prograsa  is  likalp  to  ba  closer  to  t than 
to  21  billien  4ollara,ar  choealag  the  Man,  spproxiMtaly  22  of  R7. 
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This  utlMCt,  eruds  *•  It  surdLy  la,  Mtablishas  • rough  ordsr  of  aagi^ltucie 
which  bounds  the  doasin  of  plausible  apaculation  and  aaablea  ua  to  proceed 
a)pstecat.ical ly  in  assessing  the  contributioo  foreign  tochaology  has  sisde 
to  technical  progress.  As  will  scor.  be  apparent . the  cstiutes  of  sectcr^l 
technology-  presented  in  Chapter  111  provide  valuable  evidence  for  distin- 
guishing foreign,  froc  docestlc  sources  of  growth.  Before  turning  to  this 
■aterial  however,  It  will  be  useful  to  consider  the  problems  entailed  In 
estimating  the  contribution  of  technology  transfer  at  a more  formal  level. 

III.  Intertemporal  Optimality  and  the  Pure  Theory  of  Technology  Transfer 
In  trying  to  acquire  a realistic  appreciation  of  the  contrlbutlor. 
technology  transfer  may  have  made  to  postwar  Soviet  technical  progress  a 
standard  of  echievement  needs  to  be  established  in  order  to  clarify  ho. 
the  pragmatic  policies  of  Soviet  planners  may  have  approximated  some 
comprehensible  ideal.  By  analogy  with  the  Fisherian  variant  of  Inter- 
temporal perfect  coirpetlclor. , such  a standard  can  be  aasily  developed  for 
the  rvever-never  world  of  computopla  where  optimal,  cizes  and  volumes  of  goods 
and  services  are  produced  over  a specified  multiperiod  time  frame,  subject 
to  a general  convex  program,  given  a planner^  objective  function.  Suppose 
that  Soviet  planners  know  society's  rata  of  time  preference  and  the  mix  of 
future  goods  and  services  that  would  eaxlmize  social  welfare  given  concave 
opportunity  cost  schedules  for  all  goods  produced  in  the  future  with  diverse 
technologies,  as  well  as  the  amount  of  foregone  current  conaurptlon  necessi- 
tated by  lovestcaot  cun  research  and  development.  Armed  with  this  inforra- 
Clon  planners  could  In  principle  calculate  a globally  efficient*  interterporal 
social  welfare  optimum  that  took  axpllclt  account  of  the  future  eenaus^tlon 
altamatl  via  pot  antially  facilltatad  by  current  investment  ambodying 
diverse  tachnelogias . 
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The  iatulclv*  structurt  of  the  problts  !•  b«»t  grasped  with  the  aid  of 
Zrv-lng  Flahar’a  felicitous  concept,  "trading  vltV  Che  future."  If  It  Is 
presuned  that  technical  progress  la  not  a free  good,  then  the  benefits  vhlc^ 
flow  free  advances  in  cechnolog7  can  only  be  achieved  by  devoting  preser: 
rcscjTces  to  research  anJ  development  and  the  production  of  new  Investor^' 
durables  embodying  state  of  the  arts  technology.  Since  such  allocations 
necessarily  diminish  current  consumption,  technology  Intensive  Investrent 
car.  be  conceived  of  as  the  cost  or  sacrifice  in  terms  of  current  consumption 
required  so  that  society  can  acquire  an  augrented  stream  of  consumers ' 
goods  In  the  future.  When  society  decides  to  mahe  this  sacrifice.  It  in 
effect  "trades  with  the  future,"  by  foregoing  current  consurptlon  In  ex- 
change for  the  provision  of  deferred  goods  and  services. 

The  precise  magnitude  of  this  exchange,  the  level  of  Investment,  is 
determined  by  society's  rate  of  time  preference  in  conjunction  with  the 
opportunity  costs  governing  the  transformation  of  present  consumers'  and 
Investors'  goods.  At  the  optimal  investment  point,  the  marginal  rates  of 
trsTiS formation  and  substitution  (time  preference)  for  present  and  future 
gooes  will  be  equal  and  inversely  proportional  to  relative  Intertemporal 
prices  or  the  real  rate  of  interest.  Since  locerterporal  general  cqullibrlur 
further  implies  that  the  race  of  return  at  the  earglo  be  the  aar«  for  all 
types  of  invasement,  risk  aside,  a necessary  corollary  of  the  Fisherian 
conception  la  that  the  present  discounted  rargloel  utility  of  all  future 
eoaause rs'  goods  be  precisely  equal  to  the  marginal  utility  of  present  con- 
Bumcre'  goods.  Whan  this  occurs  so  further  opportunities  for  grading  v^th 
the  future  raaaio  and  eonputoplc  Intartaeporal  general  oqulllbrlua  la  attained. 

Vhlla  the  aasumptiona  required  by  ceeputoplc  ganaral  aqulllbrlur  are 
•van  Bora  Is^laualbla  Chan  those  underlying  perfect  coeipetltlon. 
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MthodolofilcAlly  they  provide  • hypotbaclcftl  criteria  for  chooaiog  optical 
tochnologics  both  in  the  preaent  and  the  future,  given  the  aplatcaologlcall y 
dubious  aupposiclon  that  planners  could  actually  ascertain  the  «ocial 
utility  opportur.ley  costs  of  tradicf,  wlt^:  the  future.  Reference  here  Is 
to  Irvir.p  Fisher's  principle  of  the  "rate  of  return  over  cost"  cade 
famous  by  Keynes  vho  equated  the  Fisherian  concept  vith  his  owr.  notion,  of 
the  carginal  efficiency  of  investrer.t 

The  rate  of  return  over  cost  Is  a seasure  of  the  differential  present 
cost  or  sacrifice  of  twe  or  core  investment  options  needed  to  obtain  a 
differential  future  return  or  income.^  It  is  computed  by  discovering  the 
discount  rate  that  sets  the  present  value  of  tvo  alternative  incoca  streams 
equal.  By  sclectiag  any  particular  Investment  option  as  the  standard  all 
investment  opportunities  can  be  ranked  in  teres  of  their  rate  of  return 
over  cost.  In  every  case  ictertempcral  utility  is  iiaxicixcd  by  choosing 
the  investment  option  with  the  highest  rate  of  return  over  cost,  provided 
that  it  axeetes  the  ir.tcrast  rate.  Just  as  in  the  Keynesian  cargical 
efficacy  of  Investccnt  formula,  after  the  most  profitable  alternative  is 
salactcd.  Investment  docs  not  terminate  but  continues  ustil  all  profitable 
options,  tboie  vith  yields  in  excess  of  the  Interest  rata,  are  exhausted. 

At  the  point  where  the  aconoryvidc  rate  of  return  over  cost  equals  the 
Intartat  rate,  the  present  value  of  all  Investment  eltcmatlvaa  at  the 
Mrfinal  arc  equal,  and  therefore  in  a gencralixed  Paretian  aanee  It  becomes 
iKpoBsibla  to  exchange  any  good  In  either  Che  present  or  the  future  so 
that  out  parson 'a  utility  could  be  iDcreasad  without  Bcceasarily  diminishing 
the  utility  of  another  individual. 

Of  eouraa  tba  vary  fact  that  the  preaent  value  of  an  aaact  adght  exceed 

Its  production  coat  is9liaa  a tanporary  divergence  iron  Intarten^oral  general 
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XV.  Prloclplct  CovarnlDg  Cht  Rate  of  Ratun  Over  Coat  Batwean  Doaeatic  and 

Foralgn  Tachaology 

Once  It  la  perceived  that  tachnolog>  tranafer  ahould  be  optlKlzed  rather 
than  ca-'.irlred , the  prlnclplea  deterelnln£  the  optittal  traaafer  level  neet! 
to  be  explicated.  Fundar'er.tal  here  are  the  prevailing  states  of  technclof 
attalni-eai,  differential  rates  of  doiestlc  and  foreign  scientific  progress, 

associated  developaent  costs,  lop  1 extent  at  ion  costs  and  changes  in  the  patterr. 

of  societal  dera-d  THIS  PAGE  IS  BEST  QUALITY  PRACIICAB:^ 
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Llfferential  levels  of  scientific  achlever.ent  establisV. 
the  potential  for  profitable  technology'  transfer.  Th*ey  icply  that  other 
things  being  equal,  per  capita  productivity  in  the  backward  econocy  car.  be 
substantially  increased  through  the  acquisition  of  advanced  foreign 
technology.  The  existence  of  a technology  gap  however  does  not  decide 
either  the  short  or  the  long  course  of  technology  borrowing.  Vhat  really 
ratter.s  for  a centrally  planned  economy  is  the  rate  of  return  ever  cost 
betueer.  domestic  and  foreign  investr.ent  alternatives.  Differences  in 
scientific  achievement  nay  determine  the  siagnltude  of  relative  future 
returns,  but  they  do  not  necessarily  govern  relecive  present  cost. 

Wl.ac  can  be  said  a priori  about  costs?  Will  they  be  positively  or 
negatively  correlated  with  economic  developaent?  Cost,  as  it  is  always 
understood  in  general  •quilibrium  theory,  ceans  the  opportunity  cost  of 
cuployir.g  scarce  resources  in  diverse  uses.  Where  choice  concerns  domestic 
mnd  foreign  Investnent  sltemstives,  the  opportunity  cost  Chst  confront  the 
investor  or  plsoner  reftrs  unsobiguously  to  the  dooestic  acquisition  of 
aithcT  cschnology  asssursd  in  domsstic  resourcss.  Since  foreign  technology 
siust  be  pucehsssd  with  oxports  this  is^llts  thst  ths  rssourcss  srbodisd  in 
those  exports  ahould  ba  intarprstad  as  the  true  dooestic  acquisition  cost, 
whstsvsr  ths  aetusl  production  cost  abresd  wslued  in  foreign  fsetor  inputs. 
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•qulllbrltB.  This  howsvtr  4o«s  not  foss  soy  fuodSMOtsl  problss  for  Fisher 
vho  srgucs  chat  ss  Castes  change  or  oaw  Invcotlons  arise  taaporsry 
divergences  fron  geoersi  equlIibrluB  occur  vhlch  are  resolved  dynstrlcallv 
Chronyl.  capital  gains  and  losses  in  the  asset  values  of  current  stocl.s 
and  through  changes  In  the  produced  tlx  of  present  and  future  goods  and 
services.  In  the  particular  case  of  ievcBtner.t  this  is  achieved  by 
ecploying  the  econoityvlde  rate  of  interest  representing  society's  best 
collective  estlcnte  of  the  sustslnable  equillbriut  rate  of  return  as  a 
standard  for  evaluating  Che  relative  ccrlt  of  iovestnent  opportunities 
brought  about  by  unanticipated  cf>anges  in  dcoand. 

Conventionally  this  presuc.es  that  all  relative  prices  adjust  less 
quickly  than  the  interest  rate,  circucscribed  as  they  are  by  short  tern 
supply  elastlclCies , so  that  differential  profit  opportur.icies  exist,  et 
least  temporarily.  Nuances  aside,  however,  the  Fisherian  Intertemporal 
utility  optimization  approach  combined  with  Che  practical  rate  of  return 
over  cost  norm  constitutes  a compelling  hypothetical  standard  for  assessing 
investment  aeriC  under  any  economic  system.. 

The  concept  of  rate  of  return  over  cost  Is  perfectly  general  in  another 
Important  sense.  It  nakes  no  difference  whether  the  Investcent  options 
embody  foreign  or  domestic  technology.  In  principle  real  technology  transfer 
should  be  determined  solely  by  the  rate  of  return  over  cost.  So  long  as 
fcrelpc  technology  affords  a higher  discounted  net  return  per  ruble,  the 
foreign  option  should  ba  preferred  providinp.  as  always  that  its  discounted 
present  value  exceeds  its  doosstlc  acquisition  cost. 

DHIS  PAGE  IS  BEST  QUALITY  PRACTICABIiK 
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Once  this  polAt  is  gtMptd,  tU«  r«l«tlooshlp  b«t««*n  prMtDt  eost  ami  future 
ntum  is  ••ally  understood.  If  iocreselof;  eeste  prevail  la  all  ladustrlcb, 
a*  exports  rise  so  will  their  docestlc  factor  cost  at  the  aarplc.  As  s 
eonse'urnce,  fslQ»  fror  t.-.e  Ji  f i < ren  i ijl  future  returt  derived  t.'rcw?-.  : r 
ecculiitloi  of  foreip^.  technolcf/  vlil  te  progressively  offset  ly  t>e 
locreased  nsrplnal  dorcstic  factor  cost  of  exports.  So  long  as  the  rate  cf 
retut-.  over  cost  exceeds  the  interest  rate  tecrcolsry  should  atlll  be 
Icportec.  But  when  the  cerglnal  export  cost  ultlcately  equilibrates  tite 
rate  cf  returr.  over  cost  ul:.^  the  interest  rate,  borrowing  should  cease, 
ever,  taougl.  a aixcable  tec'.molopy  gap  night  persist. 

Irot.  a coeparative  static  vlew-poir.t  this  technology  (sp  need  not  be 
perpetual.  Lach  year  the  backward  ecor.ory  irports  tore  forei^  capital 
durables  until  eventually  (ceteris  paribus)  the  average  level  of  enbodied 
technology  equalizes  on  a vorldwlae  scale.  But  is  the  rate  of  technology 
tra.'ksfer  really  fixed  by  irpert  volures?  Ca.i't  forcipi  technology  be  copied 
docestically  enabling  the  sujstitutior.  of  cheap  dorestic  for  expensive 
foreifT.  capital?  Yes,  but  the  sate  lis'.-.eriar  rule  applies  here  as  elsevbere. 
The  rate  of  future  recun:  over  preaeaC  coat  between  the  dorestic  copy  and 
the  foreign  original  ecasured  against  the  interest  rate  detcmir.as  the 
aconorlc  rerlt  of  duplicating  foreign  technology,  horeover,  just  as  the 
(olos  froD  leporced  technology  depend  on  the  vclure  of  assorts,  so  the 
bauefit  cf  dorcstic  dupllcatloi.  dlricisr.es  as  resources  are  diverted  fror. 
axports  to  the  production  of  irport  substitutes.  Thus,  aven  the  aupplers.ntary 
advantage  of  duplication  are  atrictly  circuracribed,  aueb.  that  the  optical 
rata  of  diraet-plua-iediract  tachoological  borroviag  la  |ovar«ad  by  the 
rate  of  raturo  ever  eoat  for  all  Invcataaot  eptioos  rtgardltsa  of  erigln. 
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Xft  th«  Min  th«  cost  fuBCtleni  tli«c  affact  tha  rtlcvar.t  rata*  of  tatuir. 
ovar  co»t  ahoulJ  reflect  Che  conventional  detereioanta  of  production. 

Cartair.  aspects  of  ti.e  coat  of  technology  transfer  however  require  special 
consuerat  ior. . Iver  ur.jer  tr.e  cost  fortuitous  clrcurstances , It  c.a;.  Ir-  rcr^ 
difficult  to  absorb  new  technologies  In  soce  parts  of  the  econory  than 
others.  Tne  tlnte  profile  over  which  a particular  innovation  is  absorbed  Is 
known  as  diffusion,  diffusion  rates  vary  widely  fror.  product  to  product 
and  perhaps  by  national  origin  as  well.  If  nor.-indiger.ous  technologies 
have  heer,  designed  for  productive  ervironrer.ts  which  are  not  congruent  with 
the  operational  procedures  of  the  borrowing  nation,  then  it  could  well  be 
tf^at  the  diffusion  rate  associated  with  foreign  capital  Is  slower  than 
doitestlc  capital,  thereby  reducing  Che  potential  advantage  of  tech.nology 
transfer.  If  an  acterpt  is  nade  to  dCigate  these  costs  by  sxidifying 
Icportcd  capital  goods  or  by  redesigning  foreign  technologies  for  dorestic 
uses,  real  costs  will  also  be  entailed.  Vit.hout  hazarding  a guess  as  to 
what  t.nalr  relative  cagnltude  tight  be,  it  is  easy  to  see  that  even  in 
techrolcgically  backward  countries  the  auppleoientary  cost  of  production 
associated  with  diffusion,  codification  and  redesign  could  aubstantially 
reduce  the  ragnicude  of  profitable  technology  transfer.  Indeed  the  burden 
of  these  costs  explain  to  acre  degree  why  cany  developtenc  theorists  believe 
that  backward  nations  would  profit  norc  fror  the  Icportatlon  of  slcple 
technologies  as  opposed  to  those  that  aobody  the  state  of  the  srt.^ 

Supplceantary  production  costs  affect  technology  transfer  in  another 
f vay  as  veil.  Until  now,  our  analysis  has  aasuiaed  that  tha  lev^  of  dotascic 

and  scieotiflc  achiavcMnt  vas  stamally  flnad.  Bow  docs  aclcncific  progress 
affect  tachnolosy  transferT  Zo  tha  ainpllst  case  tiharc  averything  ta  hald 
C cetarls  paribus,  tha  prlncipla  eensaquance  of  aeiantifie  pregraas  is 
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•nhanccd  vorldvldt  productlvitj.  this  Is  trus  whsthtr  ths  locus  of  ocv 
technology  Is  In  the  sdvsnced  or  bscl^werd  ostloos  on  tbs  si^posltlon  that 
recbnology  once  developed  enters  the  public  reslc  srd  by  hook  oy  crook 
car.  be  Icplecented  enjr-'here.  Sacret  tec.-.nolotfies  asiOe  then,  scientific 
propress  can  only  alter  the  absolute  ragr.ltudc  technology  gap  If  inter- 
national races  of  diffusion  vary  and  supplesentary  costs  are  significant, 
disregarding  differences  in  Caste.  >aking  ttie  absolute  nagnitude  of  cb-' 
technology  gap  hinge  on  diffusion  and  supplecentary  costs  of  borrovlng, 
sets  the  deeper  problen  of  Soviet  growth  in  an  llluclnatlng  perspective. 
Instead  of  research  and  developcent  serving  as  Che  ulticate  arbiter  of 
aconoric  power,  attention  Is  directed  to  the  adaptive  and  iv{>leBentive 
capacities  of  alternative  econoaic  systec^s.  lore  specifically  the  relative 
technological  position  of  the  bSSK  and  the  LS  depends  fundae«ntally  or. 
whether  the  worl.ally  corpetltlve  carket  is  superlcr  or  inferior  to  the 
centrally  alrlclstrative  planning  systec  in  efficiently  diffusing  technology 
throughout  the  ecor.ory. 

Efficient  diffusion  notice  does  not  necessarily  isean  rapid  diffusion. 
Long  Cerr.  relative  ccococd.c  productivity  hinges  or.  selecting  the  proper 
technology  six  in  the  requisite  volur.es,  not  on  Raxirising  the  diffusion 
rate  on  certain  priority  Innovations.  The  principle  of  caxicuc  present 
value  not  caxinun  diffusion  cust  prevail. 

VithouC  conducting  an  alabor.ite  analysis  of  Cht  conparatlve  rcrlt  of 
the  Soviet  and  /iserlcan  process  of  diffusion  and  irpleiccntation  it  is 
probably  not  too  Incautious  to  suppose  that  the  Russians  arc  at, a dls' 
advantage  both  in  atlsulatlnf  the  pace  of  diffusion  and  Insuring  that  the 
approprlatt  toehnologlas  ara  adoptad.  As  regards  the  rate  of  diffusion,  it 
is  tfcll  known  that  4eaplta  tnuch  organisational  axpcrieantatlcn  the  Soviets 

have  not  baan  aueceasful  in  davlaing  a aatisfaccory  incentive  achtRC  to 
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proaote  rapid  diffusion.  LiLswise,  although  the  Typical  fiathod  utilized 

by  the  Soviets  for  aelecting  alternatives  is  predicated  on  the  logic  of 
9 

opportunlt>  costs,  and  in  fore  reserbles  Fisher's  rate  of  return  over 

costs,  due  both  to  notorious  llcdtat ions  of  Soviet  price  forc.sticr.  as.. 

10 

Idiosyr.cras ies  of  conceptualization,  established  Investrer:  criteria  car.rst 
accurately  dlscrlclnate  the  appropriate  coicposltior.  and  volures  of  ierjerted 
technologies . 

Tnis  negative  appraisal  although  ostensibly  Inconsistent  with  the  Soviet 
record  of  econodc  progress,  really  is  not.  The  administrative  ahortco.nirp s 
of  technolofy  transfer  policy  during  the  Industrialization  drive  and  on  into 
the  late  1930 's  were  in  part  masked  by  the  fact  that  the  rarginal  effect  of 
new  tech.iologies  tended  to  be  greater  in  backward  than  adva.nced  countries. 

For  example  if  IS  capital  were  twice  as  productive  as  Soviet  capital,  cr. 
innovation  which  increased  Ac/ericar.  productivity  lO’i  would  ceteris  paribus 
Increase  Russian  productivity  20'.,  thus  diminishing  the  relative  magnitude 
of  the  technology  gap.  For  several  decades,  the  rate  of  techuical  progress 
achieved  by  the  Soviets  exceeded  that  of  the  US,  resulting  in  an  obvious 
closing  of  the  relative  technology  gap.  But  in  recent  years  the  advantages 
of  backv'ardness  have  been  curtailed,  and  the  inefficiencies  of  the  Soviet 
ayster.  of  technological  diffusion  have  manifested  themselves.  If  Che  thrust 
of  Che  foregoing  analysis  is  not  mladlrecced,  tha  advantages  of  backwardness 
are  not  likely  Co  countervail  the  deficiencies  incumbent  in  the  Soviet 
systec  of  centralized  adcinistracive  planning.  The  recent  retardation  in 
the  races  of  Soviet  growth  and  technical  prograaa  may  veil  becope  an 
•ndurlng  and  diatinctlve  aspect  of  Che  post  Staliniat  aodel  of  Soviet 
•conoBlc  development. 
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V.  Th*  Cj’cllcal  Pat  earn  of  lochnolog^  transfer 

risherian  thsory,  aven  though  It  has  Inharlted  the  dyoaclc  Marshall lai; 
quantity  adjustner.t  and  Valraslar.  price  sdjustcent  Bechaalsca  ftoa  general 
aqull  itrlun  ar.alyjls,  Is  still  static  In  an  historical  sense  to  the  ext-r.: 
that  It  falls  to  endogenlze  Institutional  and  cultural  factors.  Therefrrt- 
In  assessing  the  long  tent  pattern  of  technology  transfer  one  tight  anti- 
cipate that  the  sr.ooth  and  efficiently  continuous  character  of  technological 
borrowing  suggested  by  Fisherian  theory  wculd  turn  out  to  be  a tore  coeplex 
phenc-enon  in  practlct.  Indeed,  this  has  been  the  case.  For  txar.ple 
Alexander  Cershenkron  has  contended  that  the  Importation  of  foreign  tecl. nolop. 
fror  the  time  of  Peter  the  Great  through  the  Stalinist  Industrlallsatior. 
drive  has  been  spasrodic  but  predictable.^^  The  argucent  casts  Fussier, 
acclety  as  a culture  tom  between  a desire  for  self-protective  isolation 
a.-id  the  acquisition  of  the  technological  advantages  of  the  Vest.  So  lorg 
as  the  costs  of  insularity  were  lew,  as  was  the  case  whenever  F.ussla  was 
expanding  Last  and  South,  Slavic  orthodoxies  ar.d  institutions  held  svsy. 
Cultural  ar.d  technological  borrowing  frot.  the  best  was  oiniral.  Kowever, 
when  a icllitary  defeat  at  the  hands  of  the  Westerr.  powers,  or  the  irrlrent 
threat  of  icilitary  disaster  suddenly  brought  hore  the  accurulated  cost  of 
isolationisa,  the  Westernizing  tendency  bccate  ascendent  end  vithln  an 
historically  brief  covtptss  of  tloe,  Western  technology  was  imported  on  a 
prodigious  scale. 

liittorlcel  forces  therefore  seec  to  have  imparted  a boos,  bust  cyclical 
pattern  to  the  acquisition  of  foreign  technology  not  envisioned  by  the 
Fisherian  eonceptuelixation.  hut  are  there  any  grounds  for  supposing  thnt 
this  long  tsre  patcerr.  has  perslstad  into  the  postwar  period,  after  tlie 
eoDsolldation  of  Soviet  Industrial  power,  after  the  repudiation  of 
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"Soclalltm  in  Odc  Country,"  after  the  achlcveaent  of  Superpower  status  that 
pits  the  Ruaelan  East  against  the  AE.arlcan  West  so  clearly  Chat  the  threat 
of  technological  atagr.atlor  cannot  be  evaJed?  One  would  have  thought  that 
Che  l.Ts:  Itutlonalicatlon  of  tecfjiolofp/  gro-tii  in  the  USSf  would  have 
persuaded  the  Soviets  that  the  fastest  and  best  vay  to  overtake  the  West  wa;, 
on  the  Flslier  Turnpike. 

Tonald  Creen  and  Herbert  Levine  have  recently  evinced  an  onposlnr  vieu . 

arguing  that  the  CershenV.ron  hypothesis  should  be  extended  to  the  analysis 

12 

of  postwar  trends  Ir  Soviet  technology  transfer.  2«ctlcinE  a najor  dis- 
couatlr.uity  In  the  level  of  capital  durables  ieported  frcir  the  Vest  In  the 
late  1960's,  after  a period  of  flagging  doisestlc  growth,  Creen-Levine  suggested 
that  the  Soviets  have  returned  to  their  Clce  tested  strategy  of  oasslvely 
borrowing  foreign  technology  on  a short  ten  basis  in  order  to  overcoce 
their  perceived  technological  bachvardness . 

Although  the  Creen-Levine  hypothesis  accords  more  or  less  vlth  the 
facts,  this  of  course  does  not  decide  the  issue  vhlch  depends  on  one's 
conception  cf  continuity  In  history.  However,  without  seeking  to  prejudge 
the  issue,  in  the  context  of  the  present  study  it  is  interesting  to  observe 
that  a purely  Fisherian  loterpretation  can  be  given  to  the  postwar  pattern 
of  Soviet  technological  borrowing  which  avoids  the  pitfalls  of  Elstoricisc.^^ 
All  that  is  required  is  to  recognize  that  In  centrally  adcinistered  econory 
where  the  costs  of  decision  caking  are  mlnielzed  by  selecting  a group  of 
high  priority  foreign  technology  intensive  capital  Irports  from  among  the 
vast  and  changing  array  of  importable  tachoologies , the  rate  of  future 
racum  over  praaaot  coat  is  apt  to  Jucp  discontlnuously  as  slow  rates  of 
diffusion  for  an  unrcvlsed  set  of  priority  ttchnologles  causes  a gap  to 
anarga  batwaan  the  productivity  of  new  and  old  technologies.  Put  aocawhat 


107 


differently,  is  the  absence  of  fenerel  eo^>etltive  pressures,  the  dccislor. 
to  lirport  particular  technologies,  rather  than  being  constantly  revised, 
remains  ossified  for  protracted  periods  until  the  opportunity  cost  lorse^ 
beco.-.c  so  great  at.d  a?>arer.t  accore.r,-  to  tne  '.yp.cal  f.ethoa,  tr.at  a ora^ 
proprac  is  instituted  to  r.aV.a  up  for  lost  tire.  Initially,  a slow  rati  t.f 
diffusion  would  be  beneficial  because  it  would  save  the  Soviets  fror  over 
investing  Ir.  obsolete  technologies . however  fls  compensatory  adva.-i-j..r 
is  not  lihely  to  be  decisive  if  slo-  diffusion  rates  allow  tne  gap  between 
Inplec-cr.ted  and  pcter.tlallv  core  productive  technologies  to  reererge. 

Lcless  the  Soviets  find  an  adcicistrotlve  ccthod  of  replicating  rari.et 
forces  which  Insure  that  new  technologies  are  perpetually  monitored  ar.d 
adopteu  wherever  warranted  by  the  rate  of  return  over  cost,  the  pattern  cf 
foreign  technology  transfer  la  likely  to  be  strongly  cyclical  vdth  bursts 
of  foreign  capital  Icportation.  contrasted  by  periods  in  which  dor.estic 
energies  are  focused  on  diffusion  and  absorption  of  acquired  techniques. 

Vhether  the  cyclical  pattern  conjectured  above  will  really  prevail  is 
hard  to  foresee,  for  it  rust  rot  be  forgotten  that  Soviet  relations  wit': 
lasterr.  Europe  constrain  t.'.elr  foreign  trade  options.  Ee  this  as  it  ray 
however,  it  is  worthwhile  to  cote  tnat  recent  Soviet  technology  transfer 
policy  can  be  plausibly  explained  by  purely  economic  considerations  without 
recourse  to  alluring,  but  more  tenuous  hlstoriclst  explication. 

VI.  The  Absolute  ^'ag^.itude  of  Icchnology  Transfer 

In  surveying  the  pure  theory  of  technology  transfer  two  fundar.ertal 
quantitative  Issues  have  trerged  as  the  eaotral  factors  detentfning  the  size 
and  acopa  of  Soviet  gains  from  technology  transfer: 

1.  Tlie  dollar  value  of  technology  transfer 

2.  Tlie  technology  gap. 


Vaichar  cm  b*  fiuotiflad  vlcli  asactltudc.  Valid  aaaaaaaant  howavtr  la  aot 
anLlrely  eucaldc  our  grmp,  avac  though  the  problaca  aatailed  are  forrJ.(:allr. 
For  cxacple,  the  abaolutc  value  of  technolon’  transfer  raquirea  aot  only 
that  the  growth  effects  of  technical  progre*^  be  Isolate^;,  but  It  alsc 
oecessltates  dlstlrguls’-ilrg  foreign,  free,  doctstic  sources  of  technical 
progress.  This  ancoepasses  all  aourccs  of  Ulcl.s  neutral  doeastlc  technical 
progress  including  Increases  in  labor  sxlll  and  knowledge  (aducatlo*.;  not 
captured  by  the  labor  Input  aeries  which  makes  no  allowance  for  qualitative 
change.  Likewise,  the  technology  gap  cannot  be  viewed  statically.  It  Is 
governed  by  Institutional  idiosyncrasies  of  Soviet  investment  decision 
Baking,  the  diffusion  rate,  the  transfer  cycle  and  the  efficiency  of  the 
Soviet  technology  transfer  prograc  measured  in  terrs  of  potential  rates  of 
future  return  ever  present  cost.  Zn  this  section  attcction  is  focused  on 
the  magnitude  of  technology  transfer.  The  problem  of  the  technology  gap 
is  deferred  to  section  VII. 

Any  calculation  of  the  contribution  made  by  foreign  technology  to 
technical  progress  must  begin  with  a prior  judgr.ent  on  the 
appropriate  criterion  for  dlstinguishlcg  foreign  from  domestic  technologies. 
Invention  or  even  innovation  sight  be  such  a norm.  But  this  choice  leads 
to  difficulties.  By  almost  any  authorlty'a  astlmatc,  relatively  faw  major 
Inventione  originated  in  the  Last.  Even  the  Kuegerian  aconomist  Janos  Komal 
in  his  recent  book,  Antl-EquilibTiur  cites  statistics  which  deronstrstc  that 
only  five  percent  of  the  "revolutionary"  technologies  developed  in  the 
twentieth  cantuT7  can  be  attributed  to  the  "Socialist  Bloc"  and  half  of  these 
ware  almultanaously,  but  Indaptndently  dcvelopad  la  the  Vest.^^  Taken 
literally  this  Ispliaa  that  aost  oparational  Soviet  tachnolosia* 
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one  tlze  or  anocher  iEf>orted  froc  tiie  West  so  that  alcost  all  the  growth 
licputed  to  technolo^'  transfer  should  be  treated  as  foreign. 

Fisherian  analysis  however  suggests  that  such  an  Intepretatlon  Is 
extreme.  Throughout  the  postwar  period,  even  in  years  when  the  vol'^'re  of 
lirported  technology  intensive  Uestem  capital  goods  was  high,  the  share 
of  Western  capital  durables  In  total  new  capital  forcation  rarely  reached 
If  construction  durables  are  ociitted  from  new  capital  fornaticn,  vliich  they 
should  not  be,  the  contribution  of  Western  technology  could  perhaps  even  be 
increased  to  8".  Adding  to  this  r^gnitude  all  disenbodied  transfers  in  the 
forn  of  patents  and  licensing  agreenents,  lOZ  could  be  posited  as  a specula- 
tive upper  llirlt  of  the  annual  direct  contribution  of  V'estern  technology  to 
Soviet  growth. 

This  estimate  of  course  omits  the  benefits  from  "doir>estlcatlng''  l.’estem 

technology  through  duplication  and  adaptation.  As  was  argued  earlier, 

dcnestication  is  not  a costless  process.  Foreign  technologies  designed  for 

different  organizational  envlronr.ents  will  usually  require  substantial 

codlficatio.-i  or  redesign  if  they  are  to  have  an  impact  corxiecsurate  with 

their  potential,  hodificaticn  and  redesign  while  not  obviously  "revolutionary 

innovations^' should  properly  be  perceived  as  the  doninant  contribution  of 

Soviet  science  and  engineering,  to  technical  progress.  In  this  regard  it 

is  useful  to  rene-ber  that  direct  technology  transfer  is  a once  and  for  all 

event,  at  least  in  the  fore  of  imported  capital  durables,  hiodification 

and  redesign  however  are  ongoing  processes.  They  are  applicable  to  tl'.e 

entire  historical  stock  of  imported  technologies,  and  In  their  own  Inglorious 

way,  r>ust  In  the  aggregate  rake  a substantial  contribution  to  technical 

progress.  If  this  were  not  the  cese  why  would  the  Soviet  stock  of  scientists 

and  engineers  continue  to  grow  year  after  year,  when  In  absolute  terns  their 

numbers  are  already  extrerely  high  by  world  standards?  Support  for  this 
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line  of  argument  can  be  found  moreover  In  the  military  sector.  The  Soviets 
did  not  Invent  Jet  planes,  rockets,  hydrogen  bombs,  tanks  or  submarines. 

Their  weaponry  nonetheless  Is  competitive  with  Western  counterparts  and  In 
many  ways  novel.  Were  we  to  assess  the  technological  attainment  of  Soviet 
science  and  Industry  solely  on  the  basis  of  generic  classification,  the 
innovative  potential  of  Soviet  military  systems  would  be  greatly  understated. 
Reasoning  by  analogy,  it  Is  probably  unwarranted  to  Infer  that  the  domestic 
Soviet  contribution  to  civilian  technological  progress  Is  negligible  because 
most  'revolutionary  technologies'  have  been  invented  in  the  West.  Moreover, 
the  shortcomings  of  the  Soviet  incentive  system  should  not  be  forgotten. 
Duplication  without  modification  or  redesign  may  be  extremely  costly  to 
Soviet  enterprises  given  resources  on  hand  or  easily  acquired.  Domestication 
of  foreign  technology  Implies  Chat  Soviet  enterprise  directors  can  be 
persuaded  to  disrupt  their  production  schedule  In  order  to  retool  according 
to  foreign  specifications.  As  the  literature  suggests,  it  Is  not  too 
difficult  to  suppose  that  the  opposite  Is  true,  and  that  enterprise  managers 
when  forced  to  Innovate,  strive  to  minimize  "private"  enterprise  loss  by 
choosing  chose  technologies  that  modify  existing  procedures  as  little  as 
possible.  All  this  Indicates  that  contrary  to  the  evidence  based  on 
norinal  source  of  invention,  technical  progress  must  largely  be  attributed 
to  domestic  Soviet  science  and  engineering. 

One  countervailing  factor  however  requires  explicit  consideration. 
Perhaps  the  magnitude  of  the  relative  marginal  products  of  Soviet  and  foreign 
technologies  ere  so  disparate,  that  even  the  small  direct  Western  Input 
supervenes  the  domestic  effort.  Donald  Green  end  I'lsrc  Jarsullc  heve  recently 
suggested  that  this  is  so.^^  Lslng  a three  factor  Cobb-Dougles  model  trlth* 
out  an  exogenous  technology  term,  they  show  that  the  marginal  productivity 
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of  foreign  cepltal,  assuming  "a  constant  effort  of  Internalization"  is  as 

■uch  as  13  to  17  times  the  domestic  marginal  product.  While  it  can  be 

hardly  doubted  on  Fisherian  principles  that  the  rate  of  future  return  over 

present  cost  Justifies  the  importation  of  Western  durables,  the  rates  of 

return  Implied  by  these  calculations  appears  excessive  given  the  prevailing 

stage  of  Soviet  industrialization.^^  It  seems  incomprehensible  for  example 

that  marginal  capital  productivity  in  the  priority  machinery  and  equipment 

sector  could  be  one  seventh  the  foreign  level.  One  would  have  thought  that 

differences  in  capital  productivity  on  the  order  suggested  by  Bergson, 

18 

namely  60%  would  have  been  much  nearer  the  mark. 

This  however  is  not  the  place  to  adjudicate  the  disparity  between  these 

a 

estimates.  What  is  significant  for  our  purposes  is  the  fact  that  unless 
the  marginal  productivity  of  imported  capital  is  three  to  four  hundred 
percent  greater  than  its  domestic  counterpart,  the  contribution  of  foreign 

l9 

technology  to  aggregate  Soviet  technical  progress  is  unlikely  to  reach  50%. 

I myself  would  guess  that  all  things  considered  25%  would  be  a high  estimate 
of  the  foreign  contribution,  incluulng  domestically  duplicated  foreign 
technology.  This  however  must  be  treated  merely  as  an  informed  guess 
because  of  the  imponderables  involved. 

Suppose  though  for  argur.ent  sake  a figure  of  33%  is  designated  as 
the  foreign  contribution.  Ivememberlng  that  aggregate  technical  progress  was 
roughly  2Z  or  lA  billion  dollars  in  1975,  the  foreign  contribution  might 
be  set  crudely  at  5 billion  dollars.  But  this  figure  omits  the  contribution 
of  improvements  in  labor  skill  and  knowledge  associated  with  education. 
According  to  Denison  this  is  a major  source  of  economic  growth,  which  has 
been  of  necessity  subsumed  in  our  measure  of  technical  progress.  Depending 
on  how  this  source  of  growth  Is  factored  into  the  estimate,  the  true 
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contribution  of  foreign  technology  could  range  an3rwhere  from  one  to  four 
billion  dollars.  Accepting  4 billion  as  an  extremum,  it  is  now  easy  to  see 
that  technology  transfer  cannot  reasonably  contribute  more  than  0.6%  per 
annum  to  the  Soviet  growth  rate  in  the  postwar  period,  and  the  true  figure 
may  be  considerably  less,  on  the  order  of  0.2%. 

At  first  blush,  this  is  a startling  result.  Has  past  Soviet  growth 
been  largely  attributable  to  internal  factors?  Looking  back  at  Che  literature 
on  Che  Tnirties,  it  is  difficult  to  obtain  a precise  impression.  What 
infcmacion  is  readily  available  however  suggests  Chat  achieved  rates  of 

technical  progress  under  the  early  Five  Year  Flans  was  not  particularly 
21 

spectacular.  If  this  characterization  is  accurate  for  a period  when  the 

Soviet  economy  was  genuinely  backwards  by  Western  standards,  it  should  be 

anticipated  that  the  gains  from  technology  transfer  would  diminish  as  a 

share  of  C2<T  as  per  capita  output  and  productivity  converged  toward  the 

world  level.  However  profound  the  impact  of  technology  transfer  may  have 

been  in  Petrine  Russia  or  in  the  post  Crimean  period  under  Alexanders  II 

and  III  and  Nicholas  II,  the  experience  of  the  twentieth  century  may  well 
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have  been  less  dramatic,  especially  after  the  Second  World  War. 

It  should  be  realized  moreover  that  even  one  half  of  one  percent  is 
equivalent  Co  one  fourth  of  total  annual  Soviet  technical  progress.  In 
absolute  terms  this  is  not  an  Insignificant  amount.  The  four  billion  dollars 
which  we  conjecture  is  imputable  Co  foreign  technology  annually  represents 
a sum  greater  Chan  the  entire  Soviet  lend  lease  debt  to  the  United  States. 


Thus  the  nominally  small  fractional  value  of  the  C?2P  attributed  to  technology 
transfer  should  not  be  taken  to  mean  chat  foreign  technology  constitutes  an 
unis^ortanC  source  of  Soviet  growth.  Six  tenths  of  one  percent  after  all 
aquals  more  chan  10%  of  annual  Soviet  growth  including  Che  effect  of  Increased 
capital  and  labor  inputs. 


Before  leaving  this  subject  let  us  briefly  consider  the  naxlmuir  Impact 
technology  transfer  could  conceivably  have  on  Soviet  growth  If  the  rate  of 
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technological  borrowing  were  greatly  Increased.  Suppose  tliat  the  contribution  ] 

of  each  unit  of  foreign  capital  to  total  technical  progress  were  approxirac >iiy  * 

three  times  the  domestic  contribution,  which  would  be  the  case  if  after  all  ' 

adjustments  the  foreign  share  were  33%  and  technical  progress  advanced  1.65. 
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per  annum.  Given  these  assur.ptlons  each  unit  of  foreign  capital  would 

contribute  351  and  each  unit  of  domestic  capital  1*5  towards  aggregate  technical 

progress  net  of  the  0.4%  Irpated  to  advances  in  labor  skill.  This  implies  1 

that  if  the  Soviets  managed  to  switch  entirely  to  foreign  technology, 

technical  progress  would  rise  from  1.6%  to  3.055.  Thus  in  the  limiting  case 

where  technology  transfer  was  complete,  Soviet  growth  would  rise  only  1.455 

per  annum  above  current  levels.  Were  the  Soviets  merely  to  double  botli 

their  direct  (capital  Imports  plus  licenses)  and  their  indirect  acquisition 

(duplication  of  foreign  technology)  of  foreign  technolog>’ , the  net  effect 

24 

on  the  growth  rate  would  be  only  .17..^  hliile  the  nature  of  these  calcula- 
tions precludes  accepting  .7.'5  as  a definite  and  realistic  upper  bound,  it 
appears  that  the  probable  magnitude  of  potential  Soviet  gains  from  technology 
transfer  will  not  by  Itself  restore  the  rate  of  aggregate  Soviet  economic 
growth  to  the  halcyon  levels  of  the  193C's. 

VII.  The  Efficiency  of  Technology  Transfer  and  the  Technology  Gap 

The  long  term  significance  of  technology  transfer  from  the  developed 
West  to  the  Soviet  Union  hinges  not  only  on  tl.e  dollar  value  of  transfer 
induced  domestic  economic  growth,  but  on  the  overall  efficiency  of  the 
( transfer  process  itself.  The  political  and  economic  meaning  of  technology 

transfer  inheres  not  Just  Ir  the  magnitude  of  the  Soviet  benefit,  but  in  the 
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relationship  of  that  benefit  to  the  rate  of  economic  progress  in  the  West. 
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If  the  Soviets  are  efficient  at  the  transfer  game,  Fisherian  analysis  suggests 
that  they  should  be  successful  in  closing  all  but  a SDall  portion  of  the 
technology  gap.  If  they  are  inefficient,  if  the  benefit  froD  transfer  is 
hardly  greater  than  the  donestlc  rate  of  technical  progress  then  the  gap 
Bkay  close,  open  or  reraln  unchanged  depending  on  the  domestic  rate  of 
scientific  progress  and  innovation.  Thus  in  additlcn  to  estinatlng  the 
magnitude  of  the  foreign  contribution  to  Soviet  growth,  a supplementary 
appraisal  of  the  efficiency  of  technology  transfer  and  its  implications  for 
long  term  relative  East-West  econocd.c  development  is  clearly  germane  to  our 
inquiry'. 

A good  point  of  departure  for  evaluating  the  efficiency  of  Soviet 
technology  transfer  is  the  foreign  share  of  neutral  technical  progress 
discussed  in  section  VI.  Does  this  share  reflect  the  full  accrual  of  the 
potential  gain  from  technology  transfer,  given  prevailing  import  levels  and 
diffusion  rates?  Or,  could  the  Soviets  have  increased  their  growth  rate 
by  more  effectively  absorbing  the  productive  potential  Inherent  in  Imported 
tecl'.nologles? 

A coiqp rehens Ive  answer  to  these  questions  would  require  engineering 
knowledge  of  the  productive  capabilities  of  foreign  and  domestic  Soviet 
capital  goods.  Interesting  results  can  be  obtained  however  without  deter- 
mining the  real  difference  between  the  actual  and  potential  economic  benefit 
by  posing  the  technology  transfer  question  in  a special  way.  As  a funda- 
mental hypothesis,  let  us  postulate  that  if  technology  transfer  Is  efficient 
there  should  be  a demonstrable  and  statistically  significant  correlation 
between  the  magnitude  of  the  technology  transfer  and  the  volume  of  output 
it  engenders.  Observed  correlations  may  be  imperfect  If  the  basic  specifi- 
cation is  incomplete,  but  in  principle  a definite  and  systematic  relationship 
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between  tcchnologv  transfer  and  output  oust  exist  If  It  Is  to  be  supposed 
that  foreign  capital  has  had  an  Impact  on  Soviet  growth  different  fron. 
docestlc  capital.  Put  somewhat  core  formally,  the  efficacy  of  technology 
transfer  should  ’oe  tested  with  a null  hypothesis  which  stipulates  that 
there  is  no  er.pirlcal  difference  between  the  effect  Soviet  and  forelpn 
capital  durables  have  on  technical  progress.  Casting  the  null  hypothesis 
this  way  has  a double  vlrture.  First  it  deals  directly  with  the  probler.  of 
the  relative  productivity  of  ieported  capital,  but  second  and  more  in- 
terestingly for  our  purposes.  It  bears  on  the  crucial  issue  of  how  success- 
fully the  Soviets  are  in  utilizing  foreign  technology  after  it  is  acquired. 

This  is  the  crux  of  the  efficiency  issue.  For  if  the  null  hypothesis  is 
validated  then  technology'  transfer  to  the  Soviet  Lnion  cannot  possibly  be 
efficient,  because  such  a result  would  contradict  all  l;nown  indicators  of 
relative  productivity  whether  the  measure  be  "revolutionary  inventicns"  or 
coz^parative  factor  productivity  analysis. 

The  test  of  the  efficiency  of  technology  transfer  therefore  depends  on 

whether  known,  superior  Western  tech.nologies  systeratically  auprent  Soviet 

growth  more  than  domestic  technologies.  If  the  effects  of  V.'estern  technologies 

are  statistically  indistinguishable  from  doirestic  Soviet  technologies,  thon 

it  must  be  inferred  that  actual  gains  from  technology  transfer  shortfall 
25 

potential  benefits.  Tables  1 and  2 provide  a first  glinpse  of  the  quantita- 
tive problem  at  hand.  Table  1 compares  trends  In  machinery  Imports  from 
the  world  at  large  for  diverse  years  with  corresponding  intraperiod  average 
annual  gro’.vth  rates  for  the  importing  sectors.  Machinery  imports  are 
defined  consistently  with  the  rest  of  this  study  and  axclude  capital  durables 
IsporCcd  for  non  industrial  lisa,  construction,  trade,  transportation 
communication,  services  and  agriculture. 
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Table  1 


Soviet 

I'achinery  Imports  and 

the  Postwar  Growth 

Of 

Industrial  Producers' 

Goods  1950-1973 

(1) 

USSR-WORLD 

(2) 

(3) 

Period 

n n 

Z M./  I K 

1-1  ^ i-1  ^ 

AY/ At 

Quincuennial 

1950-54 

0.80 

100 

13.6 

1955-59 

0.79 

98 

9.8 

1960-64 

1.09 

136 

7.6 

1965-69 

0.92 

115 

7.2 

1970-73 

1.03 

128 

6.0 

Historical 

1950-58 

0.77 

100 

14.2 

1959-63 

1.10 

143 

8.8 

1964-67 

0.89 

116 

7.3 

1968-73 

1.02 

133 

6.5 

1.  Ratio  of  Soviet  r.achlnery  Irports  (M)  from  all  countries,  excluding 
transportation,  communication,  trade,  agriculture  and  construction 
durables,  to  the  domestic  Industrial  capital  stock  (K).  Import  data 
taken  from  Vr.eshr.iaia  Torgovl'la  SSSR,  various  handbooks.  Capital  data 
taken  from,  the  1966  Soviet  I-O  table  and  serialized  with  the  Creenslade- 
V/allace  index.  The  total  value  of  machinery  imports  and  Industrial 
capital  for  each  period  is  summed  separately  and  divided  to  form,  the 
M/K  ratio.  Note  if  annual  industrial  investment  is  10%  of  industrial 
capital,  machinery  lm.pocts  represent  roughly  10%  of  investment. 

2.  Index  of  column  1,  1950-54  ■ 100  (quinquennial),  1950-58  ■ IOC 
(historical) . 

3.  Average  annual  rate  of  industrial  growth.  Industry  is  defined  on  the 
same  basis  as  machinery  imports. 


Table  2 


Soviet  >Uichlnery  Inports  f'  m the  Vest 
And  the  Postwar  Growth  of  Industrial  Proaucers*  Goods:  1955-1973 


liSSP-WEST 


(1) 

(2) 

(3) 

Period 

n n 

I l\./  1 K 

LY/Lt 

Quinn uennlal 
1930-34 

1955-59 

i-1  i»l  ^ 

0.12 

100 

9.8 

1960-64 

0.29 

242 

7.6 

1965-69 

0.27 

225 

7.2 

1970-73 

0.33 

273 

6.0 

Elstorical 

1955-38 

0.10 

100 

14.2 

1959-63 

0.29 

290 

8.8 

1964-67 

0.20 

200 

7.3 

1968-73 

0,34 

340 

6.5 

1.  Ratio  of  Soviet  machinery  lirports  (M)  fron  the  Vest,  excluding 
transportation,  ccTTx:unlcatlon,  trade,  agriculture  and  construction 
durables  to  the  dorestlc  industrial  capital  stock  (K) . Note  if  invest- 
ment is  lOj;  of  industrial  capital,  machinery  imports  from  the  West 
represent  roughly  27,  of  industrial  investment. 

2.  Index  of  column  1,  1955-59  * 100  (quinquennial),  1955-58  ■ 100 
(historical) . 

3.  Average  annual  rate  of  industrial  growth.  Industrial  output  excludes 
transportation,  communication,  trade,  construction,  agriculture  and 
services. 
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The  variable,  ( £ K^/  £ K^)  reported  in  colucin  I,  expresses  industrial 
1-1  ^ 1-1  ^ 

Biachlnery  Irports  as  a share  of  the  domestic  Industrial  capital  atocV.  In 
each  period  specified.  The  ratio  Is  forred  after  separately  suoclnf  industrial 
machinery  imports  and  the  industrial  capital  stock  over  the  reported 
intervals.  In  effect  it  represents  a capital  stock  quality  Index  and  as 
such  should  indicate  whether  previously  unmeasured  qualitative  improvements 
might  explain  a portion  of  observed  technical  progress.  Conceptually  the 
choice  of  the  Industrial  m.achinery  import-capital  stock  variable  implies 
that  the  aggregate  industrial  growth  rate  is  a function  of  the  composition 
of  the  capital  stock  between  foreign  and  domestic  durables.  Other  things 
equal  then,  if  foreign  machinery  and  embodied  more  advanced  technology  than 
domestic  variable,  the  growth  rate  should  be  positively  correlated  with  the 
industrial  machine  import-capital  stock  ratio. 

This  presumption  is  clearly  not  borne  out  by  the  evidence.  Employing 
a standardized  quinquennial  periodization  it  can  be  seen  that  when  industrial 
machine  imports  comprised  eight  tenths  of  one  percent  of  the  industrial 
capital  stock  19bU-54  the  average  annual  industrial  growth  rate  was  13.6k. 

In  the  next  quinquennium,  with  the  K/K  ratio  virtually  unchanged  growth 
fell  23%,  and  in  all  subsequent  quinquennia  when  the  K/K  ratio  rose  signif- 
icantly over  the  1950-34  base,  the  growth  rate  continued  to  decline 
significantly.  Essentially  the  same  pattern  holds  t.ith  sore  Incidental 
variation  for  the  historical  periodization  as  can  readily  be  seen  with  the 
aid  of  the  I7K  index  reported  in  column  2.  Thus  instead  of  the  anticipated 
positive  correlation  linking  the  capital  stock  quality  variable  and  the 
rate  of  industrial  growth,  the  actual  relationship  is  rora  nearly  inverse, 
suggesting  chat  if  the  null  hypothesis  is  to  be  rejected  it  is  because  Che 
importation  of  foreign  capital  retards  rather  than  stimulates  economic 
growth.  119 


Perhaps  this  counter  intuitive  result  merely  reflects  our  choice  of 
the  import  variable.  Would  matters  be  altered  if  instead  of  correlating 


aggregate  industrial  machine  Imports  with  growth,  only  Western  durable 
machine  imports  were  considered.  Table  2 reveals  taat  the  substitution  of 
Western  industrial  machinery  imports  for  the  aggregate  measure  only  inten- 
sifies the  perserve  relationship  observed  in  Table  1.  During  the  period 
1955-f)9  when  the  industrial  growth  rate  was  9.6T,  industrial  machine  imports 
from  the  West  constituted  0.12^  of  the  Soviet  capital  stock  or  roughly  1.2Z 
of  annual  industrial  investment.  Ey  1970-73  however  when  the  index 
reached  275  (compared  with  128  for  the  aggregate  measure)  the  industrial 
growth  rate  had  decreased  39^.  Despite  a substantially  more  rapid  Increase 
In  the  contribution  of  Western  durables,  compared  with  total  industrial 
machinery  imports,  to  the  qualitative  Improvement  of  the  Soviet  capital  stoch, 
the  Industrial  growth  rate  perversely  deteriorated.  Clearly  then,  mls- 
specification  of  the  im.port  variable  does  not  explain  the  inverse  correlation. 

A fundamental  lesson  of  Chapter  III  however  where  the  parameters  of 
abstract  technology  were  estimated  subject  to  the  CDS  specification  is  that 
the  growth  rate  is  a complex  multivariate  function  which  cannot  easily  be 
simplified  into  a univariate  output-input  relationship.  In  order  to  properly 
observe  the  correlation  between  improved  capital  stock  quality  and  the  in- 
tegument it  Induces,  the  obscuring  effects  of  increased  input  utilization 
and  the  elasticity  of  quantitative  factor  substitution  must  be  rer.oved. 

This  is  easily  achieved  by  respecifying  the  functional  relationship  so  that 
the  M/K  ratio  is  causally  associated  with  two  alternative  measures  of 
technical  progress.  Tlie  first  is  an  adjusted  version  of  tne  Hicks  neutral 
technical  progress  term,  where  the  secular  rate  of  technical  change  is  ad- 
justed by  the  residual  error  of  the  CDS  regression  cn  the  supposition  that 
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the  annual  deviation  of  observed  output  from  the  predicted  level  is  the 
result  of  fluctuations  in  the  annual  rate  of  technical  progress.  This 
supposition  is  candated  by  the  fact  that  the  estirated  rate  of  technical 
progress  is  interteerporally  Invariant  whlcli  if  unadjusted  would  precluue 
period  analysis.  Since  such  a handling  of  the  Hicls  parameter  is  necessarily 
speculative,  the  Abrasowltz  Fwesidual  was  selected  as  a second,  supplerentary 
measure  of  technical  progress.  Taken  together  tV.e  Airarovitt  and  hicks 

26 

series  provide  a broad  impression  of  the  tire  pattern  of  technical  progress. 

Having  redefined  variables,  the  null  hypothesis  can  be  reassessed  x-dth 
the  data  provided  in  Table  3.  Some  minor  changes  should  be  noted  before 
proceeding.  First,  instead  of  measuring  ll/K  on  an  intraperiod  basis,  the 
rate  of  interperiod  change  is  employed  as  the  independent  variable.  This 
is  done  only  to  emphasize  the  variation  in  the  industrial  nachinery  Import- 
capital  stock  ratio,  and  in  no  way  alters  the  logic  of  the  previous  specifi- 
cation. l-x}Ts  substantatively  a lagged  relationship  is  Introduced  into  the 
causal  process  by  stipulating  tliat  the  rate  of  adjusted  hlcl-s  neutral  technical 
progress  depends  on  the  rate  of  change  in  the  Il/K  ratio  between  periods  that 
start  and  end  one  year  before  Che  interval  over  which  tecfinicnl  progress  is 
defined.  This  specification  reflects  Che  intuitive  judgment  that  imported 
nachinery  do  not  generally  enter  service  at  full  capacity  during  the  year 
in  which  they  first  arrive.  Various  alternative  weighted  lagged  schemes 
were  also  tried,  but  gave  inferior  results  to  those  reported  in  Table  3. 
Finally,  for  the  sake  of  comparison  the  Abrarowicz  Residual  is  laft  unlagged. 

Turning  to  the  results,  consider  the  Hicks  series  first.  Between 
1935-bO  and  1951-55,  using  quinquennial  periods,  adjusted  Hicks  technical 
progress  increased  36%,  while  the  lagged  K/K  ratio  declined  2Z.  Tlxis 
repeats  the  contralogical  findings  of  Tables  1 and  2.  The  same  outcome 
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Table  3 


Soviet  Machinery  Imports  and  the  Tire  Profile 
Of  Hlck-s  Neutral  Technical  Prorress 
(Value-Added  Classification) 
1950-1973 


ISSr.-WORLD 

bSSF-WEST 

(1) 

(2) 

(3) 

(4) 

n n 

t t 

Period  r.atlos 

I H,/  b K, 

I lU  Z K 

Period 

X - e 

P 

1-1  ^ 1-1  ^ 

1-1  ^ 1-1  ^ 

Culncuennial 

1951-53 

2.73 

4.80 

1933-39/1930-34 

-2.00 

1956-60 

3.72 

2.49 

1960-64/1955-59 

38.78 

242.00 

1961-65 

3.53 

0.99 

1965-69/1960-64 

-15.44 

-7.02 

1966-70 

1.13 

2.25 

1970-73/1965-09 

11.30 

22.22 

1971-73 

4.84 

2.74 

Historical 

1951-59 

3.05 

4.06 

1959-63/1930-58 

43.53 

290.00 

1960-64 

4.28 

1.40 

1964-67/1959-63 

-18.86 

-32.16 

1965-68 

0.93 

1.59 

1968-73/1964-67 

13.34 

70.00 

1969-73 

3.51 

2.69 

1.  Ratio  of  jnachlnery  Imports  from  all  countries,  excluding  transportation, 
communication,  trade,  agriculture  and  construction  durables,  to  the 
domestic  Soviet  capital  stock  (K)  without  regard  to  the  sector  of 
origination.  The  domain  of  the  Integrals  arc  determined  by  the  periodiza- 
tion format  above. 

2.  Sare  as  1,  except  machinery  Imports  exclusively  from  the  V.'est , (France, 
Finland,  Germany,  Italy,  Japan,  L.K. , L.S.),  and  the  Initial  observation 
is  1933  Instead  of  1930. 

3.  Kicks  neutral  technical  progress  minus  the  error  residual  from,  the  CE? 
regression.  See  Tabl'  1,  Chapter  III. 

4.  Abranovltz  Residual  labor  share  > 0.77.  See  Table  C,  Chapter  II,  and 
supplementary  Table  6.  The  periods  covered  here  are  1930-53,  1939-63, 
1964-67,  1966-73. 
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Table  4 


Soviet  Machinery  Imports  and  the  Time  Profile 
Of  HicV.s  h'eutral  Technical  Progress 
(Value  of  Asseriblage  Classification) 
1950-1973 


USSR-WOPLD 

LSSK-WE5T 

(1) 

(2) 

(3) 

(A) 

n n 

t t 

Period  Ratios 

E H,/  I 

E i;,/  E K, 

Period 

> - e 

P 

i-l  ^ i-1  ^ 

1-1  ‘ 1-1  ^ 

Oulnauennial 

1951-55 

2.71 

4.53 

1935-59/1950-34 

-2.00 

1956-60 

3.56 

2.97 

1560-64/1955/59 

38.78 

242.00 

1961-65 

2.86 

0.98 

1965-69/1960-64 

-15.54 

-7.02 

1966-70 

0.55 

2.25 

1570-73/1965-65 

11.30 

22.22 

1971-73 

4.59 

2.72 

Historical 

1951-59 

6.63 

3.92 

1959-63/1950-58 

43.55 

290.00 

1960-64 

3.82 

1.36 

1964-67/1959-63 

-18.88 

-32.16 

1965-68 

C.13 

1.61 

1968-73/1964-67 

13.34 

70.00 

1969-73 

2.67 

2.67 

1.  Ratio  of  machinery  imports  (K)  from  all  countries,  excluding  transportation, 
cocjnunicatior.,  trade,  agriculture  and  construction  durables,  to  the 
domestic  Soviet  capital  stock  (K)  without  regard  to  the  sector  of 
origination.  The  domain  of  the  integrals  are  determined  by  the  periodiza- 
tion format  above. 

2.  Same  as  1,  except  machinery  Imports  refer  exclusively  to  the  Vest  (France, 
Finland,  Germany,  Italy,  Japan,  L.K.,  L.S.),  and  the  Initial  observation 
is  1933  Instead  of  195C. 

3.  hicks  neutral  technical  progress  minus  the  error  residual  from  the  CES 
regression.  See  Table  2,  Chapter  III. 

4.  Abranowitz  Residual  labor  share  > G.77.  See  Table  3,  Chapter  II  and 
Appendix  Table  A2.1.  The  periods  covered  here  are  1530-35,  1959-63, 

1964-67,  1968-73. 
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obtains  In  tha  following  qulnquannluir  where  Che  Hicks  rate  declines  reciprocally 
with  a substantial  increase  in  Che  capital  quality  index.  Thereafter  how- 
ever a positive  correlation  pertains,  but  it  would  be  difficult  to  argue 
Chat  this  coincidence  is  non  randoc.  moreover,  a glance  at  Table  4 which 
replicates  Table  3 with  the  difference  that  reported  residual  values  arc 
computed  on  the  direct  input  or  "value  of  assemblage"  basis  instead  of  the 
direct-plus-indirect  input  or  "value  added"  convention  reveals  that  the 
randoir.  character  of  these  correlations  is  independent  of  how  the  production 
process  is  conceptualized.  T.ius,  the  evidence  suggests  that  the  null 
hypothesis  which  stipulates  that  foreign  and  domestic  capital  are  statistically 
indistinguishable  cannot  be  rejected. 

Some  hope  still  remains.  If  the  historical  periodization  recommended 
by  Dor.  Green  is  adopted,  the  correlation  between  adjusted  Hicks  neutral 
technical  progress  computed  according  to  the  value  added  concept  (direct- 
plus-indirect  inputs)  and  the  h/K  variable  is  perfect  in  direction,  if  not 
magnitude,  hlienever  the  foreign  share  of  the  capital  stock  rises,  Hicks 
technical  increases  and  vice  versa.  Despite  the  ridiculously  sraJ.l  sample 
size  one  might  be  tempted  to  infer  that  industrial  machinery  iitports  do 
affect  the  rate  of  technological  progress  as  theory  suggests.  Such  a con- 
clusion however  would  be  premature  unless  one  is  willing,  as  the  author,  to 
accept  the  superiority  of  the  dlrect-plus-lndirect  input  classlficaticn 
because  as  Table  4 indicates  measured  according  to  the  direct  input  or  value 
of  assemblage  convention  adjusted  Hicks  technical  progress  falls  precipitously 
1960-64  despite  an  equally  dramatic  Increase  in  the  li/K  ratio.  Given  the 
paucity  of  observations  there  fora  the  wisest  course  is  to  accept  the  null 
hypothesis. 

In  this  regard  it  should  also  bs  mentioned  that  the  small  sample  size 

is  not  really  the  villain  of  the  piece.  Regresaiona  run  on  all  underlying 
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data  points  1930-73  showed  a coirpletely  random  character.  The  aggregate 
aeries  presented  In  Tables  3 and  4 therefore  should  be  viewed  as  an  attempt 
to  eliminate  annual  random  factors  which  might  have  obscured  the  deeper 
long  term  causal  relationship.  Tlie  persistence  of  this  randon  association 
after  the  data  was  adjusted  through  aggregation  should  be  taken  as  stro.ng 
confirmation  of  null  hypothesis,  of  the  hypothesis  that  Soviet  and  foreign 
capital  durables  are  statistically  inuiscinguis.hable  In  their  effect  on 
Soviet  production. 

Since  there  is  some  reluctance  on  the  part  of  Soviet  speclallstB  to 
accept  the  reliability  of  CLS  production  function  estirtates,  the  Abracowltz 
residuals  should  be  considered  before  submitting  to  the  siren  song  of  the 
null  hypothesis,  /.s  both  Tables  3 and  4 deronstrate  however  the  conventional 
measure  of  the  technology  residual  is  no  less  randomly  associated  with  the 
industrial  machinery  import-capital  stock  variable  than  the  adjusted  hicks 
measure.  On  all  counts,  the  importation  of  foreign  capital  goods  exhibits 
nc  systematic  relationship  to  dorastlc  Soviet  industrial  technical  progress. 

As  was  suggested  earlier  confinr.ation  of  the  null  hypothesis  is  tanta- 
mount to  a judgment  on  Che  efficiency  of  the  tec!<nology  transfer  process 
because  in  Che  face  of  the  indubitable  superiority  of  Western  technology 
Che  separate  effects  of  foreign  and  domestic  capital  can  only  be  indistinguish- 
able, if  much  of  the  technological  advantage  embodied  in  Western  durables 
remains  unrealized.  Efficiency  can  be  understood  however  in  another  sense. 

On  Fisherian  premises  Che  Soviets  must  choose  not  only  between  W'estern 
and  domestic  investors'  goods,  but  among  alternative  lines  of  investment  as 
wall.  Should  Imported  Industrial  machinery  and  equipment  be  concentrated 
In  the  fuel  sector.  In  chemicals,  light  industry,  construction  materials 
etc.?  The  answer  to  this  question  bears  on  the  effectiveness  of  aggregate 


technology  transfer  over  and  above  the  considerations  previously  explored 
because  foreign  cachlnery  could  be  allocated  to  their  nost  profitable  inter- 
sectoral uses  without  necessarily  contradicting  the  implications  of  the 
null  hypothesis.  Jiore  specifically.  Western  capital  goods  could  be  allocated 
so  that  the  rate  of  return  over  cost  were  everj'where  tl.e  same,  irrespective 
of  the  fact  that  in  conditions  of  international  disequilibrium  the  rate  of 
return,  over  cost  between  doTr.estic  and  foreign  industrial  machines  failed 
to  exliiblt  the  anticipated  differential. 

Tables  5 and  6 present  data  necessary  for  evaluating  this  second  aspect 
of  efficiency.  All  the  variables  are  familiar;  the  industrial  machinery 
import-capital  stock  ratio,  Hicks  neutral  technical  progress  and  the 
ALramowitz  residual . Kow  however  they  pertain  not  to  the  aggregate  Industrial 
relationship  but  to  its  sectoral  components.  This  entails  some  modest  re- 
speclficatlon.  Instead  of  focusing  on  interperiod  change  attention  is 
redirected  to  intersectoral  variations.  The  Hicks  neutral  technical  change 
param.eter  and  the  /iranowitz  residual  for  the  entire  postwar  period  1950-73 
are  treated  as  surrogate  measures  of  the  disequilibrium  rates  of  return  over 
cost  prevailing  in  various  sectors  of  the  Soviet  economy.  If  the  sectoral 
pattern  of  capital  imports  corresponded  with  the  rational  investment  decision 
criteria  developed  by  Fisher,  then  a positive  correlation  should  exist 
between  the  intertemporal  average  industrial  machinery  import-capital  stock 
ratio  and  the  surrogate  measures  of  the  rate  of  future  return  over  present 
cost.  Specifically  the  rank  ordering  of  the  sectoral  values  of  either  the 
Hicks  or  the  Abram.ovitz  technical  progress  measure  should  be  positively 
associated  i/lth  the  average  intraperiod  values  of  the  sectoral  K/K  ratios. 

The  higher  the  rate  of  return  over  cost,  the  greater  should  be  the  foreign 
share  of  the  domestic  sectoral  capital  stock. 


Table  5 


Postwar  Soviet  >;acliinery  Imports, 
Domestic  Capital  Growth 
And  Hicks  Neutral  Technical  Progress 
(Value-Added  Classification) 


LSSr.-V.Orl-0 

ISSP-WLST 

(1950-73) 

(1955-73) 

(1) 

(2) 

(3) 

(4) 

24  24 

19  19 

Sector 

I K,/  L K 

E 1!,/  I K. 

1 - - 1 

X 

P 

1-1  1-1  ^ 1-1  ^ 1-1  ^ 


Fuel 

0.75 

0.07 

1.84 

3.05 

Ketal 

0.69 

0.10 

2.76 

2.59 

Construction  Materials 

0.71 

0.20 

2.97 

2.49 

Chemical 

1.79 

0.97 

5.73 

4.5S 

Machinery  and  Equipment 

1.19 

0.32 

2.46 

3.40 

Light 

0.74 

0.29 

2.11 

1.84 

Food 

0.67 

0.09 

2.43 

1.99 

Industry 

0.97 

0.26 

3.08 

2.75 

1.  F^atio  of  Imported  machinery  (N)  from  all  countries,  excluding  transport, 
corrunlcatlon , trade,  agriculture  and  construction  durables,  to  the 
domestic  capital  stock  (K)  of  the  corresponding  sector.  The  capital 
stock  Includes  all  durables  Irrespective  of  sector  of  origin,  Including 
Imports.  The  period  covered  is  1950-73. 

2.  Same  as  1,  except  machinery  imports  refer  only  to  the  Vest  (France, 
Finland,  Germany,  Italy,  Japan,  L.K. , b.S.),  and  the  period  covered  is 
1955-73. 

3.  Hlcl.s  neutral  technical  progress.  See  Table  1,  Chapter  III. 

4.  Abraiaowltz  Residual  labor  share  - 0.77.  See  Table  2,  Chapter  II. 
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Table  6 


Postwar  Soviet  Machinery  Ir.ports, 
Domestic  Capital  Growth 
And  Hlchs  Keutral  Technical  Progress 
(Value  of  Assemblage  Classification) 


LSSR-WORLD  USSP.-V.T.S1 

(1950-73)  (1955-73) 


(1) 

(2) 

(3) 

(4) 

24  24 

19  19 

Sector 

1 M / I K 

1 V.  / 1 K 

X 

P 

1-1  ^ i-1  1-1  ^ 1-1  ^ 


Fuel 

1.49 

0.09 

1.60 

3.25 

Metal 

0.86 

0.13 

3.55 

3.03 

Construction  later ials 

0.99 

0.38 

2.98 

2.83 

ChemJLcal 

2.70 

1.20 

3.42 

2.61 

Machinery  and  Equipment 

1.17 

0.31 

- 

2.87 

Light 

0.40 

0.11 

- 

2.29 

Food 

0.62 

0.07 

2.66 

2.59 

Industry 

0.97 

0.26 

2.70 

2.69 

1.  Ratio  of  Icrportec  machinery  (V.)  from  all  countries,  excluding  transport, 
corr.unlcatlon,  trade,  agriculture  and  construction  durables,  to  the 
domestic  capital  stock  (K)  of  the  corresponding  sector.  The  capital 
stock  Includes  all  durables  irrespective  of  sector  of  origin.  Including 
imports.  The  period  covered  Is  1950-73. 

2.  Same  as  1,  except  machinery  Imports  refer  only  to  the  Rest  (France, 
Finland,  Germany,  Italy,  Japan,  L.K. , L'.S.),  and  the  period  covered  Is 
1955-73. 

3.  hicV.8  neutral  technical  progress.  See  Table  2,  Chapter  III. 

4.  Abramowltz  Residual  labor  share  - 0.77.  See  Table  2.b,  Cliapter  IT. 
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Ones  again  axi>ectatlons  rcirala  unfulfilled.  Ko  oattar  what  pairings 
are  cliosen,  Che  correlation  between  the  surrogate  indices  of  rate  of  return 
over  cost  and  Che  foreign  share  of  the  dor.estic  capital  stock  appear  entirely 
randoc.  This  is  a true  characterization  whether  the  M/K  variable  is 
narrowly  restricted  to  Western  irachinery  ieports  or  encorpasses  trade  froir 
all  nations.  It  is  true  for  both  the  Hicla  and  Abrar.owitz  residual  defined 
either  on  a direct  or  direct-plus-indirect  input  basis.  Except  for  the 
cherJ-cal  industry  where  a high  race  of  return  over  cost  is  consistently 
associated  with  a high  K/K  ratio  no  economic  rationale  can  be  found  in  the 
data  to  explain  the  observed  pattern  of  Soviet  machinery  iicports.  As  a 
consequence,  it  must  be  concluded  that  technology  transfer  is  globally  in- 
efficient. Neither  in  terris  of  productive  itrpact  nor  allocational  rationality 
can  it  be  said  Chat  the  Soviets  systenatically  take  advantage  of  Che 
opportunity  costs  of  trading  with  the  West. 

This  of  course  does  not  mean  chat  the  Soviets  do  not  benefit  from 
EasC-W'est  trade,  nor  Chat  Che  technology  gap  must  widen.  The  deronstrated 
Inefficiency  of  Soviet  technology  transfer  does  suggest  however  that  until 
the  Soviets  discover  sere  organizational  mechanisirs  for  enhancing  the 
effectiveness  of  their  technology  borrowing  strategy  and  practice,  Che 
technology  gap  as  well  as  the  differential  development  levels  it  implies  is 
unlikely  to  be  closed  in  any  significant  way. 

Vlll.  Soviet  Technology  Transfer:  A Sutnmary  Assessment 

Even  before  available  quantitative  evidence  was  brought  to  bear  on  the 
furdaoental  issue  of  Che  efficiency  of  technology  transfer,  it  was  conjectured 
Chat  the  inadequacies  of  the  Soviet  pricing  system,  the  shortcomings  of  the 
Typical  Ilethod  of  Soviet  investment  decision  making,  and  the  organizational 

deficiencies  of  Soviet  central  planning  would  cause  achieved  gains  from 
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technology  transfer  to  substantially  shortfall  potential  benefits.  Mow 

that  conjecture,  guided  by  Fisherian  theory,  has  been  conflrccd  quantitatively  * 

how  do  our  results  affect  cocmion  perceptions  of  the  technology  transfer 
process  both  East  and  West. 

For  the  sake  of  clarity,  the  linpllcatlons  of  this  study  can  be  cast  In 
alternative  perspectives.  If  our  argument  has  been  cogent,  then  the  Soviet  ; 

gain  from  their  substantial  efforts  at  acquiring  the  benefits  of  Vfesten. 
technology  has  been  surprisingly  modest.  In  section  VI,  assuming  that  a 

1 

unit  of  foreign  capital  augrented  technical  progress  3.*^  annually  compared  ^ 

with  1^  for  a unit  of  don^stlc  capital,  the  maximum  Western  contribution 
to  Soviet  growth  was  Inferred  to  be  0.61  per  annum.  This  estimate  however  i 

must  now  be  reduced  to  0.3%  or  two  billion  dollars  because  the  Implied 
productivity  differential  of  Western  durables  (3/1)  cannot  be  sustained 
after  the  validation  of  the  null  hypothesis.  If  the  effects  of  Western  and 
Soviet  capital  arc  indistinguishable  then  It  should  be  assured  that  they 
contribute  equally  to  technical  progress  net  of  the  contribution  Imputable 
to  advances  In  labor  skill,  tiiat  Is  1.6%  (2.0%  - O.A%).  Even  this  8r.all 
gain  Is  computed  without  regard  for  tl^e  opportunity  cost  of  exported  Soviet 
machinery  and  equipment.  Given  the  validity  of  the  null  hypothesis.  If  the 
benefits  of  technology  transfer  are  evaluated  In  proper  Fisherian  form, 
tne  rate  of  return  over  cost  Is  actually  unity;  that  Is,  the  technological 
gain  from  trade  In  the  aggregate  Is  zero! 

Snculd  this  assessment  be  correct  even  in  a very  approximate  way,  both 
Western  and  Soviet  analysts  have  seriously  mlspercelved  the  economic  con- 
sequences of  technology  transfer.  For  their  part,  most  Western  students  of 
Soviet  International  trade.  Including  the  author,  have  presumed  that  the 
Russians  have  benefited  technologically  from  East-West  trade.  While  our 
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fin<21ngs  do  not  neceasarlly  negate  this,  they  do  Imply  that  the  gains  which 
have  accrued  are  much  less  Chau  eight  have  been  supposed.  In  fact  they  are 
BO  slight  as  to  preclude  the  Soviets  from  closing  the  technology  gap,  and 
thereby  drastically  shifting  the  locus  of  political  and  economic  power 
adversely  against  the  West  as  some  liaJ  sensibly  feared. 

Judged  from  the  standpoint  of  our  findings  Soviet  policy  makers  also 
must  have  seriously  mlsperceived  the  benefits  of  technology  transfer,  lable 
7,  which  provides  statistical  data  on  postwar  trends  In  the  geographical 
composition  of  industrial  machinery  imports,  documients  the  sharp  increase 
In  the  Western  share  of  Imported  durables  that  occurred  during  the  19C0's. 

«ote  that  contrary  to  the  widespread  lirpression  the  great  leap  forward  in 
the  Western  Import  share  took  place  in  the  first  quinouernium  of  the  Sixties 
not  Che  last,  but  this  is  a quibble.  The  evidence  conspicuously  Indicates 
Chat  against  the  interests  of  Comecon  the  Soviets  have  chosen  tc  substitute 
VJestem  for  East  European  capital  durables  presumably  on  tl.e  supposition  that 
the  technological  benefits  would  outweigh  the  political  costs.  To  the 
extant  that  our  findings  correctly  vitiate  this  implicit  supposition,  the 
Soviet  strategy  for  revitalizing  their  flagging  domestic  growth,  rust  be 
Interpreted  as  a failure  since  unrealized  gains  are  balanced  against  tha 
unnecessary  political  antagonisms  engendered  by  diverting  trade  from 
Cor.econ  to  Che  West . 

V'iille  it  is  in  no  way  inconceivable  that  both  Western  and  Soviet 
perceptions  of  the  potential  benefits  of  technology  transfer  may  have  been 
in  error,  as  has  been  repeatedly  stressed,  the  null  hypothesis  nocvlthstar.dlng 
this  is  not  a necessary  conclusion.  Variable  lags  in  Che  causal  relation- 
ship between  the  importation  of  b'estem  investors'  durables  and  neutral 
technical  progress,  errors  in  measurement,  errors  in  specification,  or  random 
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Table  7 


The  Geographical  Corposltlnn 
Of  Soviet  ^:achinery  Inports  1555-1973 
(Iisports  Classified  by  Sector  of  Lilrect  Purchase) 

LS  S R-WEST  / L S S r.-\ 'C  fU-D 
(Percent) 


(1) 

(2) 

(3) 

(A) 

(5) 

(6) 

(7) 

(S) 

Machinery 

Construction 

and 

Period 

Industry 

Fuel 

Petals 

Faterials 

Checical 

Equlprent 

Lirht 

Food 

Quincuennial 

1935-60 

15.3 

8.8 

i.e 

24.9 

33.5 

9.9 

27.4 

10.0 

1560-65 

26.1 

7.5 

17.5 

44.6 

55.4 

15.9 

27.7 

17.4 

1965-70 

29.8 

4.8 

6.6 

45.2 

52.3 

36.4 

44.5 

15.4 

1570-73 

33. C 

8.4 

33.2 

58.8 

50. 0 

40.4 

21.6 

11.1 

Historical 

1955-58 

7.1 

4.2 

0.2 

14.0 

10.0 

5.4 

18.0 

8.7 

1935-63 

26.3 

7.4 

20.1 

41.7 

57.4 

13.9 

30.2 

17.4 

1964-67 

22.1 

4.6 

6.4 

35.6 

51.0 

17.4 

25.7 

10.2 

1968-73 

33.9 

7.7 

23.4 

56.7 

51.1 

45.0 

33.9 

12.1 

Peak  Year 

1969 

1956 

1961 

1974 

1960 

1569 

1568 

1561 

43.1 

13.9 

42.2 

72.4 

69.6 

76.6 

60.0 

32.5 

•hock^  could  all  partially  explain  the  oatenslble  validity  of  the  null 
^ hypothesis,  ^^reover,  the  irere  existence  of  Western  technological  alteina- 

, tives,  made  real  through  their  icportation,  could  serve  as  an  lirportant 

p catalyst  in  the  developaent  of  the  indigenous  technologies  that  deterrine 

the  domestic  contribution  to  neutral  technical  progress,  laken  together 
these  considerations  suggest  that  Western  technology  might  still  significantly 
contribute  to  Soviet  economic  developn.ent  belov.  the  threshold  of  statistical 
perception.  It  is  important  to  understand  though  that  this  position  implies 
that  the  impact  of  Western  technology  transfers  on  the  Soviet  economy  cannot 
be  effectively  modeled  in  a dynamic  sense.  Neither  Western  nor  Soviet 
cnalysts  are  likely  to  be  able  to  anticipate  the  economic  consequences  of 
specific  technology  transfers  if  the  causal  relationships  reciair.  statistically 
indecipherable.  At  best  Western  scholars  can  guestimate  the  magnitude  of 
transfer  as  we  have  done  in  section  VI,  and  Soviet  planners  can  median ically 
apply  the  Typical  Ijethod  without  ever  really  ascertaining  true  rates  of 
return  over  cost,  however,  V.estern  dynamic  models  which  endogenize  trade 
must  necessarily  be  incomplete  and  the  efficiency  of  real  technology'  transfer 
selected  by  Soviet  planners  sueject  to  the  vagaries  of  blind  luch. 

Crganizaticnal , institutional  and  decision  making  reforms  aside,  the 
truth  of  the  prevailing  situation  probably  falls  somewhere  between  these 
alternatives.  The  Soviets  probably  do  obtain  a long  run  net  opportunity  cost 
benefit  from  technology  transfer  running  perhaps  to  a few  billion  dollars 
annually,  a sum  which  cumulates  with  time.  But  tl.e  validation  of  the  null 
hypothesis  Is  also  in  all  likelihood  not  merely  fortuitous.  It  both  reflects 
the  inefficiencies  of  the  Soviet  Insltutional  technology  transfer  process, 
and  the  foregone  opportunity  for  decisively  narrowing  the  technology  gap. 

In  sum  our  analysis  suggests  that  the  magnitude  of  the  Soviet  achievement  in 
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borrowing  technology’  efficiently  anc  cheaply  fror.  the  West  has  teen 
universally  and  significantly  e>:aggerated. 


134 


KoCes  Co  Chapter  IV 


1.  Most  work  on  Che  Soviet  technology  transfer  issue  has  been  descriptive, 
except  for  a few  notable  exceptions  where  empirical  toethods  guided  by 
theory  were  applied  in  order  to  obtain  a consistent  perception  of  the 
laws  governing  the  technology  transfer  process.  The  best  suimary  state- 
ment of  this  work  can  be  bound  in  Philip  Hanson,  "The  Itaport  of  V.'estem 
Technology'  in  A.  Brown  and  M.  Kaser,  editors,  Tlie  Soviet  Inion  Since 
the  Fall  of  Khrushchev,  i-iacmillan , 1975,  pp.  16-46,  which  buids  on  the 
work  of  Coniulka,  Sutton,  Desai  and  Sylvestrowicz . See  A.C.  Sutton, 

Western  Technology  and  Soviet  Economic  Developnent,  1945-1965  (Hoover 
Institution  Press,  Stanford,  1973);  S.  Coculka,  "Import  of  Capital  Coods , 
Technical  Change  and  the  Rate  of  Development:  A Generalized  Capital- 
Vintage  Model,"  paper  delivered  to  the  Oslo  Econonetrlc  l^eeting  (August 
1973)  and  S.  Gomulka  and  J.D.  Sylwestrovicz , "Intercountry  Embodied 
Diffusion  and  the  Time  Changes  in  the  Factor  Productivity  Residual," 
paper  presented  to  the  Reisenburg  Symposium  (1974);  P.  Desai,  'Tecimlcal 
Change,  Factor  Elasticity  of  Substitution  and  Returns  to  Scale  in  Branches 
of  Soviet  Industry  in  the  Postwar  Period,"  mlmeo  (1974);  Donald  Green 
and  Herbert  Levine,  "Implications  of  Technology  Transfers  for  the  LSSK," 
unpublished  manuscript  presented  at  the  liATO  Colloquium  on  East-V.'est 
Technological  Cooperation,  Brussels,  Mnrch  17-19,  1976;  Donald  Green  and 
Marc  Jarsulic,  "Imported  I^chinery  and  Soviet  Industrial  Production, 
19b0-1973,"  SRI  Working  Paper  39,  September  1975. 

I Tliose  desiring  a descriptive  overview  of  the  technology  transfer  issue 

in  the  Soviet  context  should  see  John  Kardt  and  George  Holliday,  'Science, 
Technology  and  American  Diplomacy,  L.S. -Soviet  Commercial  Relations: 

The  Interplay  of  Economics,  Technology  Transfer  and  Diplomacy."  Cormlttee 
on  Foreign  Affairs,  L.S.  House  of  Fiepresentatives  (Washington,  June  10, 

1973) .  Franklyn  L.  Holzman,  "Last-West  Trade  and  Investment  Policy 
Issues:  Past  and  Future,"  in  Soviet  Economic  Prospects  for  the  Seventies, 
JIC,  (Washington,  June  27,  1973).  J.  Wilezynski,  Technology  in  Comecon, 
(Praeger,  l.'ew  York,  1974),  pp.  260-323.  P.obert  Cambell  and  Paul  Marer, 
editors,  East-West  Trade  and  Technology  Transfer.  (Bloomington,  Indiana, 

1974) .  Edward  Hewett,  "The  Economics  of  East  European  Technology  Imports 
from  the  West,"  AER,  May  1975,  pp.  377-82. 

For  a more  formal,  theoretical  treatment  see  F.aymond  Vernon,  "Inter- 
national Investment  and  International  Trade  in  the  Product  Cycle,"  QJE, 

■ May  1966,  pp.  190-207  and  P^aymond  Vernon,  ed. , The  Technology  Factor  in 

International  Trade,  (KBEK,  New  York,  1970). 

Tiie  following  pieces  also  warrant  consideration.  E.  Hawthorne,  The 
Transfer  of  Technology,  (OECD,  Paris,  1972).  Stanislaw  Wasowski,  ed. 
East-We^st  Trade  and  the  Technology  Gap.  (Praeger,  New  York,  1969). 

Samuel  N.  Bar  Lakay,  "Policymaking  and  Technology  Transfer:  Tlie  Need 
for  National  Thinking  Laboratories,"  Policy  Sciences.  Vol.  2,  Sur.mer  1971, 

'■  pp.  213-227.  I.S.  KoropeckyJ , "Technology  and  the  Direction  of  Soviet 

' Foreign  Trade,"  Rivista  Internazionale  di  Scienze  Economiche  e Cor.nerciali , 

December  1973,  pp.  1190-1208.  Philip  L.  Sw’an,  "The  International 
Diffusion  of  an  Innovation,"  Journal  of  International  Economics,  September 
1973,  pp.  61-69.  M.V.  Posner,  "International  Trade  and  Technical  Cltange," 
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(tecford  Economic  Papers,  October  1961,  pp.  330-7.  Kenneth  Arrow, 
"Clessificatory  Notes  on  the  Production  and  Transmission  of  Technical 
Knowledge,"  AER,  Papers  and  Proceedings,  LIX,  May  1969,  p.  32.  E. 
Mansfield,  "Technical  Change  and  the  P.ate  of  Imitation,"  Econometrlca 
29,  October  1961.  Mnrris  Teubal,  "Comparative  Advantage  and  Technological 
Change:  The  Learning  by  Doing  Case,"  Journal  of  International  Economics , 
3,  1973,  pp.  161-78.  E.  Sheshlnskl,  "Optimal  Accumulation  with  Learning 
by  Doing,"  in  K.  Shell,  ed. , Essays  on  the  Theory  of  Optimal  Economic 
Growth  (ill!  Press,  Cambridge,  Mass.,  1967),  pp.  31-52. 

2.  Remember  that  the  marginal  productivity  of  capital  according  to  our 
CCS  estimates  Is  extremely  low.  See  Chapter  III. 

3.  Dollars  are  employed  throughout  this  section  on  the  assumption  that 
real  Soviet  CLT  is  1975  is  approximately  half  that  of  the  L. S.  in 
current  U.S.  Dollars. 

4.  Available  estimates  of  the  Industrial  share  of  Ct.T  vary  widely  depending 
on  definition  and  valuation  convention.  Stanley  Cohen,  for  example, 
puts  the  figure  at  33.92  on  a sector  of  origin  basis  In  1964.  Bergson's 
figure  for  1959  Is  34.4%.  Adjusted  factor  cost  Input-output  data  for 
1966  based  cn  the  sector  of  delivery  approach  yields  a figure  near  42%, 
assuming  services  to  be  20%  to  25%  of  CLT.  See  Stanley  Cohen,  "Soviet 
Growth  Retardation:  Trends  In  Resource  Availability  and  Efficiency," 

New  Directions , Part  11-A,  JEC , 1966,  p.  IIC  and  Steven  Roseflelde,  The 
Transformation  of  the  1966  Soviet  Input-Output  Table  from.  Producers  to 
Adjusted  Factor  Cost  Values,  GE75-TI'P-47  (TOPO,  Washington,  1975). 

Abram  Bergson,  Soviet  Pcst-War  Economic  Development  (Alm.qvist  L Wlksell, 
Stockholm,  1974),  p.  79.  totlce  also  that  the  implied  rate  for  technical 
progress  In  agriculture,  construction  and  services  Is  0.8%  which  seems 
realistic. 

3.  John  Maynard  Keynes,  The  General  Theory  of  Employment,  Interest  and 
Money , (harbinger,  New  York,  1964).  p.  140. 

6.  Irving  Fisher,  The  Theory  of  Interest , (A.M.  Kelley,  1970),  150  ff. 

AJ.SO  see  Jack  Hlrshlelfer,  Investment,  Interest  and  Capital.  (Prentica- 
kall,  Englewood  Cliffs,  N.J.),  1970. 
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7.  Harvey  Lapan  and  Pranab  Dardhan,  "Localized  Technical  Progress  and  Transfer 
of  Technology  and  Economic  Development,"  Journal  of  Economic  Theory,  6, 
1973,  pp.  535-595.  T.Y.  Shen,  "Technology  Diffusion,  Substitution  and 
X-Efflclency ,"  Econometrlca,  Vol.  41,  t2,  liarch  1973,  pp.  263-283. 

8.  See  David  Cranlck,  Soviet  Introduction  of  New  Technology:  A Depletion 
of  the  Process,  SRI  Project  2625,  (Stanford  Research  Institute,  Menlo 
Park,  California),  1975. 

9.  Tlpovala  netodlka  opredelenlla  ekonomlcheskol  effectlvnostl  kapltal’ 

nykh  vlozhanll  1 novol  tekhnlkl.  Academy  of  Sciences,  Moscow,  1960.  A 
revised  version  of  the  Typical  Method  was  published  In  1969.  See  "Standard 
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This  paper  is  primarily  an  evaluation  of  the  current  state 
of  the  production  function  approach  to  assessing  the  significance 
of  technology  transfer  on  Soviet  economic  growth.  My  chief 
! source  is  Steven  Rosefield's  paper  "East-West  Trade  and  Postwar 

Soviet  Economic  Growth:  A Sectoral  Production  Function  Approach". 
While  I find  some  parts  incomplete,  I think  there  are  enough 
numerical  calculations  of  the  right  sort  in  his  paper  and  else- 
where to  give  a pretty  good  idea  of  what  can  be  drawn  from  this 

t 

type  of  study  as  an  input  into  technology  transfer  policy  analysis. 

^ Unfortunately,  I believe  the  evidence  so  far  is  that  we 

I 

cannot  determine  any  influence  of  technology  transfer  on  Soviet 

' \ r 

economic  growth  using  existing  data.  It's  too  bad,  but  nothing 
consistent  seems  to  emerge  from  the  numbers.  This  is  disappointing, 

b 

but  not  really  very  surprising.  Despite  the  massive  amount  of 
I work  that  has  gone  into  studying  technical  change,  there  are 

I 
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■any  fundanental  things  about  It  which  we  cannot  acaa  to  pull 
out  of  the  numbers.  For  example,  to  this  day  we  cannot  honestly 
say  that  aggregate  data  shows  technological  change  (In  the  U.S., 
say)  to  be  more  of  the  embodied  than  disembodied  sort,  even 
though  everyone  seems  to  think  the  embodied  type  Is  the  more 
significant. 

Although  some  people  would  say  that  all  trade  with  the 
Soviets  benefits  them  because  we  are  "giving"  them  something 
they  would  not  otherwise  have,  this  position  Is  clearly  imcom- 
plete.  The  fact  is  the  Soviets  must  pay  In  hard  currency  for 
whatever  they  buy  from  the  West.  And  to  gain  that  hard  currency 
they  must  part  with  saleable  commodities  like  oil,  gas,  and  non- 
ferrous  metals.  In  practice  it  is  very  complicated  to  evaluate 
the  gains  from  trade.  With  capital  goods,  that  difficulty  is 
compounded.  The  gain  to  the  Soviets  of  Importing  new  technology 
at  a certain  cost  Is  the  extra  output  they  can  produce  over  and 
above  what  they  would  produce  If  they  spent  the  same  amount  on 
domestically  produced  capital.  The  extra  output  Includes  any 
which  Is  due  to  the  diffusion  of  the  new  technology  throughout 
the  system.  In  other  words,  gains  to  Imported  technology  should 
show  up  as  increases  In  factor  productivity,  technical  change, 
the  residual,  or  whatever  else  It  is  called. 

Now  technical  change,  despite  the  huge  amount  of  research 
devoted  to  Investigating  it,  is  still  not  very  well  understood. 


And  this  Is  s big  part  of  Che  problem  of  evaluating  technology 
transfer  to  the  Soviet  economy. 

Consider,  for  example,  the  well  known  growth  retardation  of 
the  Soviet  economy.  This  phenomenon  is  manifest  In  the  Soviet 
economy  as  a whole,  in  Industry,  and  in  various  Industrial  sec- 
tors. A retardation  In  output  growth  has  taken  place  without 
a slowdown  of  the  same  magnitude  in  the  growth  of  inputs. 

In  evaluating  technical  change,  economists  tend  to  (some- 
what artificially)  start  by  considering  combinations  of  inputs 
which  can  be  amalgamated  to  produce  the  same  output  level  "given 
the  current  state  of  technical  knowledge".  Thus,  inputs  are 
aggregated  into  a first  degree  homogeneous  index  of  combined 
factor  inputs.  Partly  for  convenience,  the  aggregation  is 
traditionally  geometric.  Over  the  years  output  grows  faster 
than  the  combined  Inputs  index.  The  ratio  of  output  over  in- 
puts is  sometimes  called  an  index  of  total  factor  productivity. 

It  is  a measure  of  all  possible  contributions  to  growth  other 
than  what  was  picked  up  in  the  homogeneous  of  degree  one  index 
of  combined  factor  inputs. 

Now  it  is  Important  to  emphasize  how  arbitrary  productivity 
measures  can  be.  They  could  vary  greatly  depending  on  the  produc- 
tion function  used  to  aggregate  Inputs,  or  on  the  implicitly  pre- 
sumed form  of  the  technical  change  (Hicks  neutral,  by  tradition). 
Sometimes  the  differences  are  insignificant  relative  to  the  pur- 
poses at  hand.  But  for  this  study  that  is  not  the  case. 
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Take  the  slowdown  Issue  again.  When  output  is  divided  by  a 
Cobb-Douglas  Index  of  inputs,  the  growth  of  factor  productivity 
declines  dramatically  over  the  years  no  matter  what  weights  are 
used.  Then  output  deceleration  is  implicitly  attributed  to  the 
stalled-out  growth  of  efficiency,  technical  change,  economies  of 
scale,  or  whatever  else  is  thought  to  lie  behind  the  residual. 

However,  if  instead  of  unity  as  with  the  Cobb-Douglas,  the 
elasticity  of  substitution  between  capital  anf*  labor  in  the  pro- 
duction function  index  were  sufficiently  less  than  one,  the  Soviet 
growth  record  could  be  explained  entirely  differently.  Then  the 
growth  of  the  residual  could  be  constant,  and  the  slowdown  attri- 
butable to  the  ever  increasing  difficulties  of  substituting  capital 
for  labor  in  an  historical  situation  where  capital  has  grown  rapidly 
relative  to  labor. 

If  econometrically  formulated,  both  of  these  hypotheses  give 
a reasonably  good  fit  for  Soviet  Industry.  And  as  Desai,  Roseflelde, 
and  others  have  shown,  the  same  dual  interpretation  is  available 
for  branches  of  industry,  so  long  as  Intermediate  materials  are 
handled  in  almost  any  reasonable  way. 

Now  it  cannot  be  stressed  enough  (becauce  this  point  is  rarely 
understood)  that  we  cannot  really  distinquish  econometrically 
between  these  two  hypotheses.  Both  a Cobb-Douglas  production 
function  with  appropriately  declining  growth  of  technical  change 
and  a leas  than  unit  elasticity  CES  with  constant  growth  of  tech- 
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nlcal  change  can  be  made  to  give  about  the  same  error  aum  of 


squares  in  the  Soviet  case.  (If  one  is  slightly  better,  this 
might  be  written  off  to  not  getting  exactly  the  right  specifi- 
cation on  the  other.)  There  Is  a fundamental  trade-off  between 
explaining  economic  growth  In  terms  of  a fixed  rate  of  techno- 
logical change  with  an  arbitrary  production  function,  or  a 
prescribed  production  function  with  arbitrary  technological 
change.  And  the  technical  change  estimates  that  emerge  from 
these  two  stories  are  very  different  In  the  Soviet  case.  In 
one  story  technical  change  declines  sharply;  In  the  other  It 
Is  constant.  So  what  sense  does  It  make  to  try  to  figure  out 
whether  technical  change  residuals  corre}.ate  over  time  with 
(generally  miniscule)  Imports  of  Western  equipment  when  there 
Is  such  wide  latitude  in  how  the  residual  might  vary?  Besides, 
when  such  comparisons  are  made  by  Roseflelde,  nothing  systematic 
emerges.  (If  the  study  were  redone.  It  would  be  nice  to  have  the 
sector  by  sector  "Abromowitz  residuals"  weighted  by  the  factor 
shares  of  each  section,  rather  than  a single  uniform  weight. 

Also,  It  might  be  important  to  include  materials  as  inputs  Into 
the  production  function,  especially  for  the  food  industry.) 

Even  If  machinery  Imports  were  weakly  correlated  with  the 
residual  over  time,  which  they  are  not,  would  any  decent  econo- 
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■etrlclan  be  seriously  prepared  to  argue  causality  on  that 
basis?  Imports  of  Western  capital  go  up  or  down  and  have  a 
certain  time  trend  of  their  own.  They  are  a very  small  per- 
centage of  Soviet  productive  Investment.  They  might  happen  to 
weakly  correlate  with  some  particular  definition  of  the  residual, 
but  this  might  mean  nothing  except  a common  trend,  or  could  be 
due  to  some  third  cause.  (For  example,  a crop  failure  simul- 
taneously cuts  non-agrlcultural  Imports  and  productivity.) 

The  essential  part  of  the  rest  of  Roseflelde's  paper 
(leaving  aside  all  the  talk  about  methodology)  Is  a sector  by 
sector  calculation  of  (1)  non-econometric  Abromowitz-Solow  resi- 
duals, (2)  CES  production  function  estimates,  and  (3)  Cobb- 
Douglas  production  function  estimates.  I do  not  myself  see  the 
usefulness  of  his  vertically  integrated  sectoring,  and  just  dis- 
regard It.  (He  always  presents  the  more  traditional  numbers  as 
well.)  The  reasons  I do  not  like  it  are  many,  and  there  is  not 
any  purpose  to  listing  them  all  here  given  that  the  more  standard 
alternative  is  provided. 

The  CES  estimates  look  roughly  like  Desal's  results.  They 
confirm  on  a sectoral  level  the  idea  that  a low  elasticity  of 
substitution  along  with  a constant  growth  rate  of  the  residual 
can  explain  well  the  Soviet  pattern.  Some  of  the  coefficient 
estimates  look  pretty  bizarre,  and  I suppose  the  thing  to  do  Is 
not  take  them  too  seriously.  The  Cobb-Douglas  results  with  a 
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constant  rate  of  technological  progress  look  pretty  terrible, 
but  there  Is  obviously  a bad  nlsspeciflcatlon  here.  Presumably 
the  Ourban-Watson  statistics  in  this  case  are  awful.  I would 
have  liked  to  have  seen  the  results  of  a Cobb-Douglas  specifi- 
cation with  the  possibility  of  decreasing  rates  of  growth  of 
technical  change  as  in  my  AER  piece,  but  probably  the  residuals 
that  would  emerge  are  close  to  the  Abromowitz-Solow  estimates. 

Now  when  Rosefielde  pairs  up  sectoral  residuals  of 
various  sorts  with  his  measure  of  machlnary  imports,  no  consis- 
tent pattern  emerges.  One  would  like  to  see  some  explicit 
statistical  rank  order  testing,  and  perhaps  a few  other  mea- 
sures of  the  significance  of  Imported  technology  other  than 

$ 

what  was  used.  But  the  clear  impression  emerges  that  this  road 
is  a dead  end.  A few  numbers  stand  out  as  being  suggestive,  but 
there  is  no  real  statistical  power  here. 

Bluntly  speaking,  I fear  the  data  and  methodological  prob- 
lems may  be  so  overwhelming  that  we  just  cannot  pull  out  of  this 
sort  of  look-and-see  approach  meaningful  answers  to  questions 
about  the  role  of  technology  transfer  in  influencing  Soviet 
growth.  There  is  a fatal  combination  of  overaggregation,  imported 
technology  that  Is  an  Insignificant  fraction  of  almost  all  sec- 
tors' capital,  and  a lack  of  understanding  of  the  basic  mechanics 
of  technological  change,  transfer,  and  diffusion. 
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Just  as  an  example,  chemicals  are  relatively  high  both  In 
terms  of  the  residual's  value  and  In  the  amount  of  equipment 
Imported.  But,  again,  who  knows  anything  about  cause  and  effect? 
The  amount  of  equipment  Involved  Is  not  a high  percentage  of  the 
total  capital.  Chemicals  are  a priority  sector  In  the  U.S.S.R. 
This  could  mean  both  high  growth  rates  (In  output  and  the 
residual)  and  relatively  high  Imports  of  Western  technology 
without  any  causality  being  Implied.  Even  If  these  were  some 
weakly  significant  sectoral  correlation  between  imported  tech- 
nology and  technological  change  (which  there  Is  not).  It  might 
just  mean  that  the  priority  sectors  are  simultaneously  pushed 

Into  higher  growth  rates  and  given  more  foreign  exchange  to  pur- 

0 

chase  equipment  abroad.  That  Is,  capital  Imports  rise  hand  ir. 
hand  with  domestic  efforts  to  Improve  production.  This  seems 
like  a not  unreasonable  story,  although  It  is  not  even  needed. 

If  we  had  a few  pure  situations  of  a relatively  homogeneous 
subsector  where  a large  part  of  the  technology  had  been  imported, 
maybe  some  meaningful  comparisons  could  be  made,  and  even  then 
maybe  not.  But  look  at  what  we're  stuck  with.  An  Industry  like 
chemicals  Is  wildly  disparlte,  ranging  all  the  way  from  the 
production  of  ink  to  synthetic  fibers.  The  capital  Imported 
from  the  West  Is  small  relative  to  what  is  domestically  produced. 
And  It  Is  undoubtedly  concentrated  In  certain  specific  segments 
of  the  chemical  industry.  Considering  all  this  and  the  ambl- 
quities  of  defining  the  residual,  is  It  any  wonder  that  it  is 
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difficult  to  make  meaningful  statistical  connections  between 
technological  change  and  imported  technology? 

Having  seen  the  (negative)  results  of  an  Informal  pro- 
duction function  approach,  at  this  stage  there  would  surely 
be  value  in  pushing  ahead  with  a full  specification  production 
function  analysis  of  technology  transfer.  A start  in  this 
direction  has  already  been  made  by  Green  and  Levine,  so  that 
the  data  are  at  hand.  The  ideal  statistical  procedure  would 
go  something  like  this.  A point  of  departure  would  be  the 
best  production  function  specification  for  Soviet  Industry  (or 
branches)  which  takes  no  account  of  the  fact  that  some  capital 
has  been  Imported.  Then  this  specification  is  nested  in  a more 
general,  and  at  the  same  time  reasonable,  specification 
which  takes  account  of  the  fact  that  some  of  the  capital  has 
been  Imported  and  allows  it  to  exert  its  own  effect.  Probably 
domestic  and  imported  capital  ought  to  be  added  together  with 
a weight  on  Imported  capital  determined  by  the  regression 
results.  The  hypothesis  that  Imported  capital  is  more  pro- 
ductive than  domestic  capital  is  the  hypothesis  that  the  weight 
on  Imported  capital  is  significantly  greater  than  one.  An 
F-test  is  performed  to  determine  whether  or  not  the  more 
general  specification  really  gives  added  explanatory  power. 

If  it  does,  and  Che  coefficient  on  Imported  capital  indicates 
it  is  more  important  chan  doewstic,  there  is  perhaps  the  basis 
for  making  a case.  Even  then,  one  really  has  to  believe  in 
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the  specif Icet Ion,  perticulsrly  In  the  correctness  of  the 
causality,  and  one  has  to  be  reasonably  sure  that  the  variable 
in  question  isn't  picking  up  the  effect  of  something  else, 
with  which  it  is  correlated. 

While  I fear  that  a full-fledged  statistical  treatment 
is  unlikely  to  yield  a marginal  productivity  of  Imported 
capital  different  from  domestic  at  a level  of  statistical 
significance,  this  approach  is  still  worth  trying,  especially 
because  the  data  are  now  easily  available.  It  and  the  case 
study  approach  seem  to  be  about  the  only  hope  we  have  left 
at  the  current  time  for  evaluating  the  economic  Impact  of 
technology  transfer. 
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